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EFFECT OF X-IRRADIATION ON HEMOLYSIN 


DECLINE 


WILLIAM H. TALIAFERRO AND LUCY GRAVES TALIAFERRO 


From the Department of Bacteriology and Parasitology, The University of Chicago 


Chicago 37, Illinois 


Dougherty and White (1946, see also 
White and Dougherty, 1945), as a phase 
of their study of the pituitary-adrenal 
the 
activities of the lymphocyte, concluded 
that a part of the effect of X-irradiation 
on lymphocytes is mediated by this 


cortical control of physiological 


endocrine mechanism (reviews in White 
and Dougherty, 1946, Dougherty and 
White, 1947, and White, 1948 and 
1949). These authors reported (1) that 
200 r total body of CBA 
mice produced lymphopenia, 


irradiation 
tissue 
lymphocyte degeneration and increases 
in the total serum protein and y glo- 
bulin, (2 


intact and adrenalectomized mice, after 


that a similar irradiation of 


their agglutinin titer to sheep cells had 


become low or undetectable, caused 
a nonspecific anamnestic response in 
both groups, and (3) that 10 r caused 
a similar response in intact but not in 
adrenalectomized mice. They, therefore, 
considered endocrine mediation neces- 
sary for anamnesis with small but not 


with large doses of X-rays. 


Received for publication March 22, 1950 

Chis investigation was aided by a grant from 
the Dr. Wallace C. and Clara A. Abbott Memo- 
rial Fund of the University of Chicago 
are indebted to Dr. P. P. H. De 
Bruyn of the Department of Anatomy of the 


The author 


University of Chicago for making available his 
unpublished studies on the effect of X-irradiation 
on the lymphatic tissue of the rabbit, to him and 
to Dr. E. L. Simmons and Mr. J. E. Trier on the 
staff of the Division of Biological and Medical 
Research of the Argonne National Laboratory 
for assistance in irradiating the rabbits and to 


Mrs. Dorothy W. Green for technical assistance 


Some of these general conclusions 
have been questioned (see reviews in 
Valentine et al, 1948, Craddock et al, 
1949, and Taliaferro, 1949). In regard to 
a nonspecific anamnesis as a result of 
X-irradiation, Craddock and Lawrence 
(1949) failed to produce a significant rise 
immunized rab- 
250 


in serum antibody of 
bits irradiated with either 20 r or 
r total body irradiation when H and O 
typhoid agglutininsand antisheep hemo- 
lysin had fallen to low levels. Similarly, 
Fischel et al (1949) failed to find a rise 
in circulating antibody nitrogen (using 
a quantitative precipitin method) fol- 
lowing the administration of either 
adrenocorticotrophic hormones or 50 r 
of X-rays three months after the ces- 
sation of immunization with crystalline 
negative findings 


ovalbumin. These 


were obtained in spite of the fact that 


both agents induced a decrease in cir- 
culating lymphocytes. 

The experiments were ‘de- 
signed to test further the ideas of White 
and Dougherty in regard to the direct 


present 


release of antibody by large doses of 
X-rays given during antibody decline. 
Antisheep hemolysins in rabbits were 
used because antibody activity can 
be quantitatively determined and titra- 
tions can be closely enough spaced to 
usual 


antibody course. The X-ray dose, gen- 


evaluate deviations from the 
erally administered twice, was 400 r, 
which is one-half the LDs50/30 days for 
rabbits (Bloom, 1948). A preliminary 
report of these results has been pub- 


lished by us (1949 
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MATERIALS AND METHODS 


Our methods for maintaining the rabbits and 
injecting and standardizing the sheep red cells 
photometrically for immunization have been 
previously described (1950). Partial data on some 
of the rabbits have also been reported by us 

1950) under identical numbers (see rabbits 1 to 8 
and 14 to 17 in tables 6 and 7). For convenience 
the photometrically standardized red cell sus- 
pensions for immunization as described previ- 
ously (1950) may be designated approximately as 
1.25 ml 0.1% or 2X10’ cells, 1.25 ml 1% or 
210% cells and 1 ml of 4, 7 or 10% or 6.4X108, 
1.1 10°, 1.6 10° cells, respectively 

A hemolysin unit in this work is defined as the 
smallest amount of serum which produces 50% 
hemolysis of 1 ml of a standardized sheep red cell 
suspension in the presence of four 50% units of 
complement. Hemolysis was determined photo- 
metrically and determinations were based on 
plots of antibody against hemolysis according to 
von Krogh's equation, as already described by 
us (1950). Hemolysin units are given directly in 
the figures and are indicated as the dilution of 
antiserum contained in 1 ml, i.e., the reciprocal 
of the titer in the text. 

May- 
Griinwald Giemsa were used for the differential 
blood counts. 


[hin dried blood smears stained with 


I'wo rabbits were irradiated at a time in cellu- 


lose acetate boxes at about 77.5 cm from the tar- 
get to the center of the animal. The X-ray ma- 
chine was operated at 200 kilovolts and 15 milli- 
imperes with 0.5 mm copper and 1.0 mm alumi- 
num filters. Radiation was delivered at the rate 
of 14.5 to 15.5 r per minute as measured by a Vic- 
toreen chamber in air placed in the cages at the 
same location as the center of rhe 


beam was delivered horizontally and the cages 


the rabbits. 


were turned every 7 minutes to insure equal 


exposure. An electric fan was operated in the 


room to obviate overheating the rabbits. 

EXPERIMENTAL RESULTS 
Experiment 1.—The first experiment 
8 rabbits, half of which 
(1 to 4) were injected into the marginal 
ear vein with 1.25 ml of 0.1°% standard- 


consisted of 


ized sheep red blood cells per kg ol 
rabbit the other half of 
to 8) similarly 


and which (5 
injected with 10 
Rabbits 1 to 4 and 
6 to 8 weighed 2 to 2.7 kg. Rabbit 5 


weighed 1.6 kg 


were 


times the amount. 


Three and four weeks 


after the immunizing injection, 2 rab- 
bits of each group (3 and 4, 7 and 8) 
were irradiated with 400 r. Nine and 
one-half, 11 and 12 weeks after im- 
munization, all rabbits were injected 
intravenously with egg white at the rate 
of 10, 30 and 50 mg per kg rabbit, 
respectively. Ovalbumin* recrystallized 
three times was used for the first injec- 
tion. After 
anamnestic rise, a commercial egg white 
(Merck) was used for the other two. 


it elicited no appreciable 


Both antigens elicited a strong precipitin 
reaction with their homologous anti- 
serums. The rabbits were bled for hemo- 
lysin titrations once before immuniza- 
tion and in general twice a week for 14 
weeks after White cell 
counts were made once a week. 

Fifty 
throughout the period of observation 
may be found in figure 1. 
munization, hemolysin 
from 1:1 to 1:40. These are 
within the normal range reported by us 
previously (1950). Ten to 13 days after 
the 
the antiserums from three rabbits im- 
munized with 1.25 ml of 0.1°% red cells 


immunization. 


percent hemolysin _ titers 
Before im- 
titers ranged 


values 


immunization, hemolytic titer of 


per kg rabbit reached peaks ranging 
from 1:2500 to 1:6300 and 
clined logarithmically at a rapid rate for 


then de- 
1 to 2 weeks and more gradually there- 
after. At one month, the titers ranged 
from 1:200 to 1:500 and at 14 weeks 
from 1:45 to 1:110. The titer of rabbit 
4 was aberrant. It reached a peak of 
1:400 after 10 days, decreased to 1:20 
after 4 weeks and then began to rise 
gradually until it reached 1:350 during 
the 12th week and was 1:330 after 14 
weeks. 

titer of antiserums 
from the 4 rabbits immunized with 10 


The hemolytic 


times the above amount of sheep red 
cells reached peaks ranging from 1:1800 


* We are indebted to Dr. J. W 


preparing the ovalbumin 


Moulder fo 
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to 1:4000 after 6 to 10 days, maintained was not altered by two irradiations with 
a virtual plateau for about one week, de- 400 r 3 and 4 weeks after immunization. 
creased for three weeks, and two re- Total leucocyte counts for three 
mained more or less stationary while the weeks before irradiation were normal 
other two continued to decrease. At one (usually 9,000 or over per cmm). They 
month, the titers ranged from 1:210 to had decreased to 600 to 1000 in all rab- 
1:350 and at 14 weeks from 1:80 to bits 5 days after the second X-ray 
1:250. dose, remained at this level for a week, 

The declining trend in hemolysin § and then increased to 2000 to 6000 in 
titer (or ascending trend in rabbit 4) several days and to 6000 to 9000 in 


104) 25 mi 
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Fic. 1.—Hemolysin titer in photometric 50% units in 2 groups of rabbits before and after an intra- 
venous injection of sheep red cells. Two rabbits in each group (broken lines) were irradiated with 400 r 
three and four weeks after immunization and all rabbits were injected with 10, 30 and 50 mg ovalbumin 
per kg rabbit 94, 11 and 12 weeks after immunization. 

Hemolysin had definitely increased in all rabbits on the 4th day, reached a peak on the 6th to 10th 
lay and thereafter declined (rapidly at first and then more slowly except for a slight but steady in- 
crease in rabbit 4 from the 6th through the 14th week). 

X-ray treatment did not appreciably affect the rapid decline of hemolysin and the ovalbumin in- 
injections possibly caused a slight irregularity in titer in rabbits 1, 2,4, 5 and 6 and an anamnestic rise 
in rabbit 8 
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week. Seven weeks after the 
second dose, they had reached 9000 per 
all rabbits. All white cells de- 
The 
controls 
8000 to 


14,000 during this time. These data are 


another 


cmm in 
creased, esper ially 
total 


remained 


lymphocytes. 
the 
range olf 


leucocyte count in 


within a 


similar to the results of Jacobson et al 
(1949). 

Injec tions of egg white were made in 
an effort to ascertain whether X-irradia- 
tion had impaired or altered in any way 
the ability to elicit a nonspecific anam- 
nestic reaction induced by an unrelated 
No marked change, however, in 
the trend of 
of the 


regularity 


antigen 
the curve was noted in 6 
rabbits. There was a slight ir- 
in titer of some rabbits and 
a slight rise in titer in one irradiated 
rabbit (8 


injections of egg white. This may pos- 


after the second of the three 


sibly have represented a slight anam- 
rhe rabbit 4 


be described as anamnesis as 


nestic reaction rise in 
cannot 
it had begun 3 weeks rp iously. 
During the 14 wee 


ment, the rabbits gained weight except 


{ this experi- 


for a temporary lag in the irradiated rab- 


) 


bits for about 2 weeks after the second 


irradiation. The majority gained 50 to 


70% of their initial weight, and the 
smallest one gained 95% 
Results of this experiment were 


briefly: The hemolysin titer remained 
within the normal range for 3 days 
after the injection of antigen. It in- 


variably increased sharply on the 4th 
through the 7th day, reached a_ peak 


on this latter day or increased slightly 


during a whole or part of the ensuing 
week, and then decreased—rapidly for 
) 


2 or 3 weeks and more slowly thereafter. 
During the rapidly declining phase, 400 


r delivered to the whole body surface 


of the animal twice within one week 


caused no increase in hemolysin titer as 


measured by twice weekly titrations 


beginning one day after irradiation al- 
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though the white cells, especially the 
lymphocytes, decreased to a low point 
a week after the second injection and 
the rabbits failed to gain weight nor- 
mally. The injection of ovalbumin during 
the slowly declining phase may have 
caused a moderate heterologous anam- 
nestic reaction in 1 of 7 rabbits. 
Experiment 2.—In experiment 1, the 
first hemolysin titration after each ir- 
radiation made at 24 
experiment 2, a 


was hours. In 


determination was 
made 6 hours as well as 24 hours after 
Experiment 2 also 


differed from experiment 1 in that the 


each irradiation. 
red cells were injected repeatedly in 
This 


given to increase, if possible, the amount 


larger amounts. treatment was 
of antibody within the lymphocytes. 
Experiment 2 consisted of two groups 
13) 
was given 11 closely spaced injections of 
1 ml of 4, 7 or 10% sheep red blood 
cells per kg rabbit within a period of 3 
weeks and the other of which (14 to 
17) was given an initial injection of 
1.25 ml of 1% cells three ~veeks before 


of rabbits, one of which (12 and 


the same 11 closely spaced injections 
given to rabbits 12 and 13. Rabbits 12 
and 13 weighed 2.3 and 2.9 kg at the 


beginning of the injections. Rabbits 
14 through 17 weighed 1.3, 2.0, 1.8 
and 1.7 kg, respectively. Two weeks 
after the last immunizing injection, 
5 of the rabbits (13 to 17) were ir- 
radiated with 400 r and two weeks 


later 3 (13 to 15) were again irradiated 
to the same extent. Rabbit 12 of group 
1 served as a control. We omitted con- 
trols from the second group because we 
became convinced from experiment 
1 that the antibody curve in irradiated 
animals was more important than the 
inclusion of unirradiated animals with 
their individual variation. Furthermore, 
we have since carried out an extensive 
study of hemolysin curves in multiply 
injected animals and have found the 
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Weeks afte 
Fic. 2 mo 


1 titer in photometr'c 50% units in 2 groups of rabbits before, during, and after 
immunization with a series of intravenous injections of sheep red cells. All rabbit 
cept rabbit 12 were irradiated with 400 r two weeks af 


broken lines 
alter 
through 15 were irradiated with 400 r two weeks later. 


ex 
the last antigen injection and rabbit 


13 


The course of hemolysin was similar to that in experiment 1 except that 
I tigen was ! 


it remained high while 
being injected 
X-ray treatment did not apprec iably affect the rapid or slow decline of hemol 
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antibody decline after antigen injections 
are stopped to be in every way similar 
to the X-irradiated animals. 

The rabbits were bled for hemolysin 
titrations once before immunization and 
in general twice a week for 14 weeks 
after immunization. They were bled 
more frequently after irradiation. All 
had white cel! counts made three times 
a week for 14 months beginning two 
weeks before the time of irradiation. 

Data from these rabbits are given in 
figure 2. Before immunization, hemo- 
lysin titer ranged from 1:7 to 1:28 in 5 
of the rabbits. It was 1:125 in rabbit 
15, which is in the high range for normal 
rabbits as previously reported (1950). 

After a single injection (14 to 17 in 
fig. 2) equivalent to that given to rabbits 
5 through 8, a peak in hemolysin titer 
1:1500 to 1:6700 was 
reached in 7 days in 3 rabbits and in 10 


varying from 
days in rabbit 16. After a series of in- 
jections of larger amounts (12 and 13 
in fig. 2) every 2 or 3 days, high peaks 
of 1:7000 to 1:37,000 were reached in 
10 to 14 days, respectively, but when 
similar injections followed the initial 
injection after a lapse of 3 weeks in rab- 
bits 14 through 17, the peak was only 
the rabbit. Rabbit 13 
had an exceptionally high titer through- 
out immunization. When injections were 


higher in last 


stopped the titers decreased more rap- 
idly for two weeks than thereafter—just 
as in experiment 1. 

Irradiation of the rabbits with 400 r 
two and four weeks after the last immu- 
nizing injection of cells did not alter 
the even 
though a titration was made at 6 hours 


declining hemolysin titer 
after irradiation. The total leucocyte 
count decreased to 1000 to 2000/cmm 
the first 
It gradually rose to 2500 to 4500/cmm 


three days after irradiation. 


at the second treatment only to decrease 
slightly after 3 days. It then gradually 
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rose altnough three weeks after the 
second treatment it was still subnormal. 
Even rabbit 17, which was not given a 
second irradiation, remained around 
4000/cmm for this length of time. The 
weights of the rabbits remained essen- 
tially stationary for a little over two 
weeks after the first treatment. 

A comparison of the rabbits in the 
four groups of both experiments in- 
dicate that (1) the initial peak titer was 
regained but not strikingly exceeded 
after a second series of injections and 
hemolysin decline was postponed until 
injections were discontinued, and. (2) 
the declining hemolysin titer was not 
altered by irradiation with 400 r even 
though determinations were made as 
soon as 6 hours after treatment. 


DISCUSSION 


In the present work employing the 
accuracy of 50% hemolysin units de- 
termined photometrically, a total of 16 
doses of 400 r hard X-rays given to 9 
rabbits during the decline of hemolysin 
failed to yield a single unequivocal an- 
amnestic rise in antibody. One animal 
exhibited a change from a rapid decline 
of hemolysin to almost a plateau about 
the time of the first treatment (rabbit 
3, fig. 1). This sequence, however, can- 
not be ascribed to irradiation because 
a similar slowing in rate of antibody 
decline generally takes place at about 
this time (cf. the other rabbits in fig. 
1 and our previous work, 1950). 

Our previous studies indicated that 
following a single injection of sheep 
cells in the quantities used in experi- 
ment 1, the rise and decline of hemoly- 
sin in rabbits fit a series of discontinu- 
ous curves described by a monomolec- 
ular reaction equation in which the 
constant of The 
constant of increment during the initial 


increment varies. 


rise was usually between 1 and 2, and 





X-IRRADIATION DURING HEMOLYSIN DECLINE 


the decline from the peak indicated a 
half life of 5.5 +0.3 days for serum anti- 
body. Although peak titers were highly 
variable, the general nature of the vari- 
ous curves were remarkably uniform in 
shape. Data on the rabbits in this study 
indicate that X-irradiation did not ac- 
tually modify the normal antibody 
curve. In figures 1 and 2 of this paper, 
the data not fitted to theoretical 
curves as in the first paper because de- 
terminations were not as closely spaced 
and the multiply injected animals show 
an irregular plateau while receiving an- 
tigen. 


are 


The question might be raised as to 
whether or not serum from our animals 
was titrated soon enough after irradia- 
tion. We bled the rabbits in experiment 
1 one day after irradiation and the ones 
in experiment 2 as soon as Dougherty 
and White (1946) bled 


their intact 


mice receiving 200 r, i.e., at 6 hours. 
We believe even the 24-hour bleeding is 


adequate, however, since any consider- 
able amount of antibody, had it been 
released into the serum, would be ap- 
parent after 1 day unless its half life 
was shorter than that observed by us. 
A possible exception may be the tem- 
porary slight reaction two days after 
irradiation in rabbit 13 (fig. 2), but 
seems too delayed to us. It is probably 
an aberrant reading due to a technical 
error for it is similar to the irregular 
rise in control rabbit 5 (fig. 1), on the 
23rd day after immunization. 

Our negative results cannot be ex- 
plained by the lack of lymphocytocidal 
the X-rays. In the first 
place, treated rabbits showed a marked 
lymphopenia. In the second place, the 
source of radiation, experimental con- 
ditions of irradiation and the source of 


activity of 


rabbits were identical to those used by 
Murray (1948) and De Bruyn (1948) 
to obtain material for the descriptions 
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of damage, after sing!e doses of 400 r, 
to the spleen and to the lymph nodes 
and intestinal lymphatic tissues, re- 
spectively. 

The present negative results, on the 
one hand, are contrary to the work of 
White and Dougherty (1945) and 
Dougherty and White (1946), who pro- 
duced a nonspecific anamnestic rise in 
antisheep agglutinins in mice with 200 
r X-rays administered after the titer 
was not titratable in intact mice and 
after it had reached the comparatively 
low figure of 1:80 in adrenalectomized 
mice. On the other hand, they are in 
agreement with the failure of Craddock 
and Lawrence (1948), using 250 r, and 
Fischel et al (1949), using 50 r, to pro- 
duce a rise in antibody titer in rabbits. 
They specifically corroborate Craddock 
and Lawrence's results with rabbit anti- 
sheep hemolysinsand extend them in that 
they involve a higher dose of X-rays 
and eliminate the possibility that Crad- 
dock and Lawrence’ results with 100% 
hemolytic units may have missed small 
differences. 

It should also be pointed out that 
investigators early recognized the im- 
portance of the time at which X-rays 
should be administered to affect anti- 
body production. Thus, large doses at 
about the time of antigen injection 
reduce immunity, whereas when post- 
poned even for several days they are 
generally ineffective. Most of the reports 
of enhanced antibody formation fol- 
lowing irradiation at appreciable in- 
tervals after immunization involve small 
doses frequently applied locally (review 
by us, 1951). 

Using another lymphocytocidal agent, 
Philips et al (1947) failed to produce 
nonspecific anamnesis with daily leu- 
copenic doses of tris(beta-chloroethy]l)- 
amine in goats which had been pre- 
viously immunized with ricin and their 
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serum antibodies allowed to fall to nega- 
tive levels. 

Our results are also contrary to the 
held non- 
specific anamnesis induced by unrelated 
1942), 


whether induced directly or indirectly 


frequently hypothesis of 


antigens (review in Cannon, 
through pituitary-adrenal cortical con- 
trol. We failed to induce such an anam- 
nestic rise in hemolysin with ovalbumin 
recrystallized three times. There was 
rise in 
animal after one injection of the crystal- 


probably an anamnestic one 
line product and two injections of a 
crude product. Both preparations elic- 
ited a marked homologous precipitin 
response. Our results, however, are in 
accord with several studies using quan- 
titive precipitin methods (see Heidel- 
berger and Kendall, 1935, Kabat and 
Heidelberger, 1937, and van der Scheer, 
Bohnel, Clarke and Wychoff, 1942). In 
unpublished work we have also found 
that when rabbits previously immunized 
with sheep cells are injected with duck 
the 
about 20°. The absolute value of these 


cells, antisheep hemolysin rises 
rises could probably not have been de- 
tected with 100% end points. 

The present results agree with other 
recent failures to demonstrate anti- 
bodies in lymphoid cells or lymphoid 
tissue early in the process of immuniza- 
tion such as described by Dougherty 
et al (1944 Harris et al (1945). 
Thus, Craddock et al (1949), in their 
study of H and O typhoid agglutinins 


in the cat, 


and 


were unable to obtain evi- 


dence for the release of antibody by 
exposures of 1500 r or for the presence 
of antibody within lymphocytes during 
the induction period and early antibody 
rise when it would be expected that anti- 
body formation is at its height. In addi- 
tion, possible technical objec ti S asso- 
ciated with carrying over antibody on 
the the walls of test tubes 


cells and 


have been raised against recent demon- 
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strations of antibodies in lymphocytes 
(cf. Spear, 1948, and Habel et al, 1949). 
Somewhat similarly, in our recent study 
(1950) on hemolysins, we have shown 
that splenectomy the initial 
rise of antisheep hemolysins, on the 
average, by 80% and have presented 
evidence that the spleen is remarkably 
active for 


reduces 


several days and _ then 
abruptly ceases to form antibody. In 
spite of this evidence of high activity, 
we never found a higher hemolysin 
titer in the spleen than in the serum 
except at times during the induction 
period when serum titers were low and 


antibody titrations were comparatively 


unreliable. 

In spite of these failures both by 
others and ourselves to find antibody in 
lymphocytes, we believe there is over- 
whelming evidence of the importance 
of lymphoid cells (including lympho- 
cytes, various “blasts’’ 
basophil 


and the large 
have 
been given various designations includ- 
ing developing or young plasma cell) 
in immunity and highly suggestive 
evidence that they, at least in part, are 
involved in antibody formation and/or 


lymphoid cells which 


transport (review by the senior author, 
1949). For the prefer to 
consider that certain fixed and free cells 
in lymphoid tissue are involved in anti- 
body formation but that the antibody 
is released from the cell almost as soon 


present, we 


as it is recognizable as antibody. We also 
recognize the fact that various biological 
and technical factors may explain part 
of the discrepancies in published work, as 
stressed by T. N. and S. Harris (1950). 


CONCLUSIONS 
2 doses of 400 r to 


the entire body of rabbits during the 
decline of hemolysin 2 to 4 weeks after 


X-irradiation in 


immunization with one or a series of 
intrav-nous injections of sheep red cells 


did nct alter the downward trend of 
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the titer as compared to controls not 
irradiated. 


Three intravenous injections of oval- 
bumin 93, 11 and 12 weeks after im- 
munization only elicited a_ possible 


heterologous anamnestic response to red 
cells in 1 of 7 rabbits. 
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TRANSMISSION OF THE HAMSTER-ADAPTED NEWCASTLE 
VIRUS TO THE MACACUS RHESUS MONKEY 


REGINALD L. REAGAN, HELEN ODETTE WERNER, 
AND A. L. BRUECKNER 


From the M 
Labora 


Following the adaptation of New- 
castle disease virus, California strain 
No. 11,914, to the Syrian hamster,! 
attempts to transmit the modified virus 
of the 21st hamster passage to the Ma- 
cacus rhesus monkey were successful 
through the first suoinoculation only.? 
Further attempts to establish the infec- 
tion in M. rhesus monkeys by the in- 
jection of later hamster passages were 
likewise unsuccessful beyond the first 
subinoculation until the present study. 
Wenner and his associates reported 
the adaptation of two strains of NDV 
to rhesus monkeys and the subsequent 
brain-to-brain passage of this virus for 
three serial passages.* 

A virus suspension from the 310th 
hamster passage was prepared from 10 
infected hamster brains. The brain tissue 
was ground with alundum and diluted 
to a 10% suspension with physiological 
saline solution. This suspension was 
centrifuged in an angle centrifuge for 
5 minutes at 1000 r.p.m. to rid the 
suspension of heavy tissue particles. 
Approximately 3 cc of this 10% virus 
suspension, which titered 10~** intra- 
cerebrally in hamsters by the Reed and 
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Muench method of calculation,‘ was 
injected intracerebrally into each of 2 
M. rhesus monkeys (weight 7 lIbs.). A 
l-inch 21-gauge needle was used for 
inoculation. The inoculation was made 
1 cm to the right of the midline and 1 
cm anterior to the coronal suture, and 
the 3 cc of 10% virus suspension was 
inoculated into the right frontal lobe. 
The monkeys were not anesthetized 
before inoculation. The use of this New- 
castle virus of the 310th hamster pas- 
sage for the initial monkey inoculation 


TABLE 1.—Monkey passage of a strain 
of hamster-adapted Newcastle virus 





M. rhesus 
monkeys 
inoculated 


Monkeys Days after inocu- 
showing lation symptoms 
symptoms* appeared 





8 
4 
4 
4. 
4 
5 
4 


.3 
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= 


3, 





* These symptoms included irritability and malaise, in- 
voluntary motor reactions, paralysis, excessive salivation, 
and prostration. 


established an infection in which 50% 
or more of the injected monkeys of the 
first 6 passages showed symptoms of 
central nervous system involvement. 
From the 7th to the 10th passage, 100% 
of the injected monkeys showed similar 
symptoms. Table 1 shows the results of 
these 10 serial passages. These monkey 
passages are being continued at the 
present time. 

In monkeys responding to the virus 
injection, irritability and malaise ap- 
4. Reed, L. J. and Muench, H. 1938, Am. J 

Hyg. 27: 493-497. 
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peared in 3 to 10 days. In most cases 
these symptoms 
rhythmical 


were followed by 
contractions of muscles 
starting in the limbs and spreading over 
the entire body, paralysis of extremities, 
excessive salivation from pharyngeal 
paralysis, prostration, and death. 

Brain material for passage was chosen 
from monkeys sacrificed when nervous 
symptoms developed. The virus-bearing 
brain material was chopped with scis- 
sors and ground with alundum in a 
large mortar and diluted to a 10% sus- 
pension with physiological saline solu- 
tion. Amounts of 3 cc of 10% suspension 
were injected intracerebrally throughout 
the 10 passages. 

Infected monkey brain suspensions 
of the 1st to the 10th monkey passage, 
prepared as previously described, were 
injected intracerebrally into 4 young 
Syrian hamsters (age 21 days). Within 
24 to 72 hours after inoculation, all 
hamsters showed symptoms _ charac- 
teristically seen in animals succumbing 
to similar injections of hamster-adapted 
virus. 

Two-tenths cc of brain suspensions 
from the 2nd monkey passage was in- 
jected into the allantoic sac of 9-day 
embryonated chicken eggs. Only 8.3% 
of the chick embryos died upon this 
One 
the embryos died upon the 2nd passage, 


Ist passage. hundred percent of 
and the allantoic fluid harvested from 
these infected eggs was used in neutrali- 
9-day 


Newcastle 


zation tests conducted in 
chicken 
chicken 

the virus 
chicken serums had no effect. 


em- 
bryonated eggs. 


immune serums completely 


neutralized while normal 

Attempts to isolate the virus in em- 
bryonated eggs directly from monkey 
brains were unusccessful with the 4th 
through the 8th monkey passages. This 
would seem to indicate that the patho- 
genicity of the virus for chicken em 


bryos has been reduced by passage of 
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the virus through monkeys. However, 
virus was isolated in 9-day embryonated 
eggs inoculated with 0.2 cc of a 10% 
brain suspension from hamsters infected 
with virus from the 8th monkey passage. 
A neutralization test in 9-day em- 
bryonated eggs, using the allantoic 
fluid from these infected eggs, was posi- 
tive for Newcastle disease virus. 

Two virus neutralization tests were 
conducted, using brain suspension of 
the 8th monkey passage with normal 
and specific Newcastle immune chicken 
serums. In the 1st neutralization test 
rhesus monkeys were used as the test 
animals; in the 2nd test, 21-day-old 
Syrian hamsters were used. In both 
tests specific immune serums completely 
neutralized the monkey brain virus, 
whereas normal chicken serums had no 
effect. The virus from the 8th monkey 
passage titered 10° in hamsters by 
intracerebral inoculation according to 
the Reed and Muench method of cal- 
culation.’ 


In all neutralization tests che monkey 
brain virus was neutralized by specific 
Newcastle immune chicken serums and 


was unaffected by normal chicken 
serums. The possibility of the presence 
of another virus as the cause of the 
disease shown in monkeys and hamsters 
seems remote. 


SUMMARY 

The hamster-adapted Newcastle virus 
(California No. 11,914) of the 
310th passage has been successfully trans- 
mitted to the rhesus mon- 
key and carried through 10 serial pas- 
sages in this species by intracerebral 
inoculation. The virus from the 8th 
monkey passage titered 107? in ham- 
sters injected intracerebrally. The virus 
produced symptoms of irritability and 
malaise usually followed by a charac- 
teristic nervous jerking of all limbs, 
salivation caused by pharyngeal paral- 


strain 


Macacus 
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ysis, 


and 
death. Hamsters showed similar symp- 


paralysis of extremities, 
toms following injection of the virus- 
bearing monkey brain suspensions. 
Virus isolated in embryonated eggs 
from the 2nd intracerebral monkey pas 
sage and from hamsters infected with 


the 8th monkey passage proved to be 
Newcastle disease virus by neutraliza- 
tion tests in embryonated eggs. Neu- 
tralization tests conducted in monkeys 
the 8th monkey 
passage brain suspension, also verified 


and hamsters, using 


the virus to be that of Newcastle disease. 





ELECTRON MICROGRAPHS OF NEGRI BODIES FOUND IN RABIES 


REGINALD L. REAGAN AND A. L. BRUECKNER 


From the Maryland State Board of Agriculture, Department of Veterinary Science, 
Live Stock Sanitary Service, University of Maryland, College Park, Maryland 


Specific inclusion bodies present in 
the central nervous system of man and 
animals dying of rabies are called 
“Negri bodies.’’!? These are most fre- 
quently demonstrated within, but oc- 
casionally outside of, the nerve cells. 
A definite diagnosis of rabies is made 
upon demonstration of these bodies in 
the nerve cells of the brain in stained 
smears or cut stained tissue sections. 

These inclusions are _ eosinophilic 
staining bodies, usually spherical but 
also of other shapes, varying from 1 to 
30u* in size. The inner structure shows 
basophilic staining granules. 

Negri, upon discovery of this body, 
believed it to be a protozoan. According 
to one theory the Negri body may be 
composed of elementary bodies, but 
there has been no entirely satisfactory 
evidence to indicate that the body is 
composed of virus particles. 

In the present study electron micro- 
graph examinations were attempted 
with histological sections of brain tissue 
containing Neyri bodies, but these 
proved to be unsatisfactory because 
the electron beam would not penetrate 
the specimen section used. Chemical 
digestion of the brain cells by trypsin 
was attempted, but the inclusion bodies 
seemed to be disintegrated in this pro 
ess. The method to be reported herein 
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seems to work satisfactorily and brings 
out, as illustrated, some details of struc- 
ture. 


MATERIAL AND METHODS 


rhe viruses for the present study were ob- 
tained from dog brains sent to this laboratory for 
routine examination for rabies. The hippocampus 
was removed from each brain aseptically, ground 
with alundum in a mortar, and diluted with 
physiological saline to a 10% suspension. Three 
hundredths ml of this 10% suspension was in- 
jected intracerebrally into each of 6 4-week-old 
Swiss albino mice (Carworth Farm Webster 
strain). On the 14th day after injection of the 
first strain several mice showed tremors and 
paralysis and became moribund. The brains were 
removed aseptically from these moribund mice 
Impressions made from the Ammon’s horn of 
each mouse were stained with Sellers stain* and 
under the light microscope showed numerous 
Negri bodies throughout the tissue. The Ammon’s 
horn from one mouse contained a greater number 
than the others and this was used for the experi- 
ment below. 

The second strain of rabies virus was injected 

racerebrally into 6 Swiss mice and on the 7th 
day after injection, several mice showed tremors 
ind paralysis and became moribund. The Am 
mon's horn containing the greatest number of 


Negri bodies was used for the electron examina 


ion. 
Parlodion film s 


pports were pre pared 24 hours 


; 
before being used. The prepared screen was 


picked up with forceps and the parlodion surface 
was dipped in 10% formalin. The parlodion sur 
face was then touched lightly to the same area 
of the Ammon’'s horn used for direct smear exam 
in ion. These screens were left to dry for exam- 
nation the following day 

Several screens from each strain re examined 

in EMU electron mict1 various magni- 
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structure could not be demonstrated in all in- 
clusion bodies, probably due to the combination 
of cell wall and body the latter 
alone, which blocked out electron penetration 


thickness, or 


Che electron beam from a Bias gun was tried Sut 
this beam did not bring out the structure of the 
Negri body in any more detail, despite the ir 
crease in intensity of electrons 

By proper adjustment of the exact expesure 
sion 


time in photographic technique the inch 


body in figure 2 shows an internal structure. 


Several photographs of the same inclusion body 
at various exposure times are presented. 

In figure 3 two extracellular Negri bodies are 
re and 


shown. One of these shows internal struct 


the other does not. Figure 4 is used for.compari 


son. It is a photomicrograph of a stained (eosin- 
blue) 


brain. Figure 5 shows a Negri body from the sec- 


methylene tissue section from a mouse 


ond strain. [t shows definite virus-like particles 
seen in the the 


similar to those examination of 


first inclusion body 


This body 
| 


virus-like particles 


strain. Figure 6 shows an 


partly covered by a nerve cell shows 


definite roune 
DISCUSSION 


Electron micrographs of parlodion- 
prepared screens show that it is possible 


for electrons to penetrate some of the 
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inclusion bodies. An indefinite internal 
both 


was 


demonstrated in 
The Bias 
tried but did not bring out any more 
EMI 
gun. In figures 1, 2, 3, 5, and 6 prepara- 


structure is 


strains examined. gun 


detail than the ordinary electron 


tions were examined unstained. Figure 


4, a photomicrograph of a stained prepa- 


ration, was used for comparison with the 
electron micrographs 


SUMMARY 


Negri bodies in this electron micro- 


scope study seem to have _ indefinite 


internal structure which might be in the 
bodies. It 


possible to bring out more detail, prob- 


form of elementary was not 
ably due in some cases to the combined 
thickness of the cell the 


density of the Negri body, which partly 


nerve and 
blocked out electron penetration. 
This technique of specimen prepara 
tion for electron studies seems to be sat- 
isfactory on examination of these two 


rabies strains 
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Fic. 1.—Electron micrograph of a mouse brain cell containing a Negri body. Internal structure 
not evident. K9100 


Fic. 2.—Electron micrograph of a Negri body showing virus-like particles brought out by adjust- 
ment of the exposure time. 27,300 
Fic. 3 


Electron micrograph showing two Negri bodies, one of which shows an internal structure. 
« 18 200. 
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STUDIES OF FUSOSPIROCHETAL INFECTION 


I. PATHOGENICITY FOR GUINEA PIGS OF INDIVIDUAL AND COMBINED 
CULTURES OF SPIROCHETES AND OTHER ANAEROBIC 
BACTERIA DERIVED FROM THE HUMAN MOUTH 


THEODOR ROSEBURY, ADA R. CLARK, SYLVIA G. ENGEL, AND FRANCES TERGIS 


From the Department of Bacteriology, College of Physicians and Surgeons, 


Columbia University 


The production in rabbits of foul 
gangrenous abscesses by subcutaneous 
inoculation of material from the human 
mouth or from lung abscess was first re- 
ported by Veszpremi' and has been con- 
firmed repeatedly (see Rosebury and 
Foley?). Guinea pigs have been most 
commonly employed, and in a recent 
comparative study* this species was 
found more suitable for the purpose 
than other common laboratory animals. 
In the guinea pig the experimental in- 
fection has been initiated with scrapings 
or exudates from any of several common 
oral diseases,‘ from Vincent’s angina® or 
from pulmonary abscess or gangrene.® 
It is readily passed from animal to 
animal by subcutaneous inoculation and 
has consistent pathological features,* 
including necrosis and a fibrinopurulent 
exudate, characteristically abundant 
and foul and containing large numbers 
of anaerobic microorganisms, including 
spirochetes, fusiform bacilli, motile 
vibrio-like forms, streptococci and other 
bacteria. While there is general agree- 
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ment in the literature on these findings, 
there have been few attempts to analyze 
such exudates bacteriologically to de- 
termine the part played by the com- 
ponent microorganisms in the etiology 
of the process. It is generally agreed 
that no single species in the mixture can 
itself be held responsible for the lesions, 
since with few and apparently unim- 
portant exceptions individual pure cul- 
tures of them have been found non- 
pathogenic for laboratory animals. Vesz- 
premi’ and Paul’ reported that typical 
lesions could be produced in rabbits and 
guinea pigs, respectively, with unpuri- 
fied culture mixtures containing spiro- 
chetes, fusiform bacilli and _ cocci. 
Kirtchewski and Seguin® also recorded 
successful results by subcutaneous inoc- 
ulation of guinea pigs with mixtures 
containing any of three cultures of 
spirochetes with fusiform bacilli and 
either a greening streptococcus (‘‘strep- 
to-viridis’’) or a white staphylococcus. 
The latter workers stated that combina- 
tions of fusiform bacilli with either coc- 
cus were ineffective, but that ‘‘the addi- 
tion of a trace of spirochetes’’ to such 
mixtures restored their pathogenicity 
and reproduced the characteristic ab- 
scess. Few experimental details were 
given. It is recorded that a mixed cul- 
ture of fusiform bacilli and Spirocheta 


7. Veszpremi, D. 1907, Centralbl. f: Bakt. 
I Abt. Orig.) 44: 332, 408, 515; 1908, 45: 15. 
. Paul, E. 1910, Deutsche Monatsschr. f. Zahnh 
28: 22. 
Kritchewski, B. and Seguin, P. 1920, Rev. de 
stomatol, 22: 41. 
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acuta, grown together in ascitic fluid 
broth containing rabbit kidney, yielded 
lesions in guinea pigs indistinguishable 
from those initiated with gingival 
S. acuta was thought to cor- 
with Noguchi’s!® 


two 


scrapings. 
respond lreponema 


macrodentium ; other spirochetes 
Treponemc 


microdentium, and Sptrocheta tenuis, an 


(Sptrocheta dentium, syn. 
intermediate form) appear to have been 
tested only in the presence of cocci. 

In 1930, Smith® reported the isolation 
from guinea pig lesions, initiated with 


material from Vincent's angina, of 
Sta phyloe occus albus 


blood 


and by 


and Streptococcus 


viridans on plates incubated 


aerobically, several anaerobic 
tec hniques, of hemolytic streptococc i,a 
gram-negative motile vibrio, two fusi- 
form bacilli (a small nonmotile form and 
a larger form, thought to be motile 
but 


Tr. microdentium. 


originally nonmotile in culture), 


and The vibrio and 


the anaerobic streptococcus were de- 
scribed as producing fatal infections in 
animals in pure cultures if inoculated in 
large doses. Mixtures of the spirochete 
with “both the large and the small fusi- 
form bacilli failed to produce any in- 
fection in either mice or guinea pigs.” 
The streptococcus and the vibrio, when 
mixed, yielded a severe infection, which, 
however, did not resemble the original 
lusospiro¢ hetal abscess. When the small 
fusiform bacillus added to this 


was 
mixture, ‘‘a small abscess was produced 
which contained an odorless green pus.”’ 
When the spirochete was added to these 
sms, however, the mixture 


was said to yield 


three organ 
a typical fusospiro- 


chetal lesion ‘‘which could be trans- 


mitted from mouse to mouse, and from 


mice to guinea pigs, by injecting as 


small an 0.25 cc. into the 


ounts as 


groin.’ In commenting on this finding 


10. Noguchi, H. 1912, J. Exper. Med. 15: 81 


T. Rosesury, A. R. CLark, S. G. ENGEL, AND F. TERGIS 


later, Smith" considered it ‘‘very likely 
that any of the oral spirochetes, several 
of the fusiform bacilli, and several of the 
cocci could replace the ones actually 
used in this experiment.”’ In this refer- 
ence Smith described as occurring in 
fusospirochetal material a wider range 
of microorganisms than were included 
in his recombination experiment, but he 
seems not to have attempted to deter- 
mine whether any but the indicated 
four or five could be implicated in fuso- 
spirochetal infection. 

This deficiency was made up in part 
by the studies of Proske and Sayers,” 
in which the findings of Smith were re- 
corded as having been duplicated with 
remarkable consistency and some am- 
plification. In a study of pulmonary 
fusospirochetal infection secondary to 
silicosis, these workers also made cul- 
tures of the flora of inoculated guinea 
pigs, and presented useful details of 
their cultural methods. They reported 
the 
means: 


following anaerobes by 


i 


mucosum, 


isolating 


these microdentium, Tre- 
ponema ER. 


Treponema buccale, a 


macrodentium, 
“culture of fusi- 
form bacilli in which spirochetes [7. 
vincenti] had developed,” two types of 
Bacillus fustformis, Spirtllum sputi- 
Vibrio viridans, non- 
hemolytic streptococcus which, like the 
habit 
after being subcultured. These organ- 


genum, and a 


vib i0, lost its strictly anaerobic 


isms were described systematically. It 
was not indicated whether more than a 
single culture of each was studied nor, 
indeed, which of the given character- 
istics of each culture were observed by 
the authors and which were taken from 


the literature. The nine pure cultures 


11. Smith, D. T 
Related Organisms in Fuso-spirochetal Dis- 

Baltimore, Williams & Wilkins Co 

12. Proske, H. O. and Sayers, R. R. 1934, Pub. 
Health Rep. 49: 839, 1212. 
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were prepared as heavy suspensions in 
0.85% sodium chloride and standardized 
against human erythrocytes to contain 
about 108 organisms per ml. The mixed 
culture could not be thus standardized. 
Pathogenicity tests with individual cul- 
tures showed the spirochetes, fusiform 


bacilli and spirillum to be nonpatho- 


genic. Either the streptococcus or the 
vibrio produced mild lesions in small 
doses, while in large doses each ‘‘occa- 


sionally caused death evidently from 


toxemia, because no _ pathological 


changes were noted upon autopsy.”’ 
Combinations of either the streptococ- 
cus or the vibrio with each of the other 
cultures in turn yielded slightly more 
promising lesions in guinea pigs with 
T. microdentium, T. mucosum and the 
two fusiform bacilli than with the other 
cultures 


with 


Combinations were then tried 


both streptococcus and vibrio, 
which together produced a much more 
severe lesion than was obtained with 
either alone. These three-organism com 
binations again gave most promising re; 
the 
spiro hetes or the fusiform bacilli than 
buccale, the 
mixture or SS. 
None of 


lesions resembled a typical fusospiro- 


sults when they contained small 


when 7. macrodentium, T. 
fusiform-vincenti sputt- 


genum were present. these 
chetal abscess. Nine combinations were 
then the 6 that 


seemed most effective, with all 6 cul- 


made from cultures 
tures and combinations of 5 and 4, all 
including streptococcus, vibrio and at 
least 1 spirochete and 1 fusiform bacil- 
lus. All these combinations were said to 
vield a ‘‘typical abscess with necrosis, 
greenish-gray foul-smelling pus.’’ More- 
over, ‘‘all possible combinations of the 
10 types of organisms’’ were studied, 
but only combinations that included the 
streptococcus, the vibrio, either of the 
tightly wound spirochetes and either of 
the fusiform bacilli yielded typical fuso- 
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spirochetal lesions. Proske and Sayers 
state further that ‘‘the same reactions 
were obtained when as few as 10 million 
organisms of each type were used in the 
combinations. The lesions can be trans- 
ferred from guinea pig to guinea pig, 
but after a few passages the organisms 
become so virulent that the animals die 
from toxemia before a lesion can 
develop.” 

The findings of Smith and of Proske 
and Sayers are reviewed in detail be- 
cause they formed the basis for initial 
studies in this laboratory. The original 
plan of this work was to utilize a fuso- 
spirochetal infective mixture of pure 
cultures for studies of the mechanism of 
that 


quired in naturally occurring infections 


predisposition seems to be re- 
of this type. It became apparent, how- 
ever, that the problem is more complex 
than would appear from the published 
record. Not only are the individual or- 
the 
adequately identified, but the range of 


ganisms named in literature in- 
types given by no means includes all the 
both from 
oral lesions and from well established 


forms recoverable human 
guinea pig passage exudates. The re- 
the 


warrant a revaluation of this problem. 


sults of present studies seem to 
This report presents data on two series 
of experiments in which the cultures 
used were derived from several human 
sources, in most instances directly from 
gingival scrapings and in some from ani- 
mal exudates after passage. In other re- 
ports the results are given for (a) an at- 
tempted analysis and quantitative re- 
the organisms in a 
single guinea pig passage strain of fuso- 
spirochetal infection," and (b) recom- 


combination of 


bination experiments based on the find- 


ings in repeated mixed subcultures of 


13. Rosebury, T., Clark, A. R., Tergis, F. and 
Engel, S. G. 1950, J. Infect. Dis. 87: 226-233 
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whole exudate from the same passage 
strain." 


METHODS AND MATERIALS 


rhe cultures employed were obtained in the 
course of routine anaerobic cultivation of gingival 
scrapings from unselected cases of gingival and 
The 15 


derived from 11 cases, mainly by direct culture 


peridontal disease."* strains used were 
of gingival scrapings, in 3 instances after guinea 
pig passage, and in 1 of the after an 
additional through mouse brain.*? The 
procedure for primary cultivation consisted of 
inoculation of at least two “AFK”’ spirochete 
plates,’* 


latter 


passage 


serial streaking on 2 or more blood 
of small 


plates (17X60 mm over-all) of gentian violet 


agar plates, and heavy inoculation 


These and other mediums, which were used 


agar 


less regularly, are described below. Primary 


cultures were incubated at 37 C for 2 to 8 days 
in sealed jars made anaerobic with hydrogen 


catalyzed with electrically heated platinized 


\naerobiosis was checked by reduction 
of methylene 


isbestos 
blue in 2% dextrose-phosphate 
buffer, pH 8.3. For identification of Fusobac- 
terium the morphological criteria of Bge'* were 
followed. For the other types of organisms, cri- 
the literature for 


teria in the identification of 


potential pathogens seemed too imperfect to 


justify systematic study of each culture until 


after its pathogenicity had been established. 
Previous workers have been in general agreement 
that a spirochete of the microdentium-mucosum 
type is concerned, that the requirement for a 
fusiform bacillus is not precise, and that one or 
more ill-defined streptococci may be effective. 
Since in the writers’ experience no anaerobic 
blood agar 
described by Smith*"" and Proske and Sayers” 
were 


vibrips showing the greening on 


met with, 4 strains with different charac- 


ted. In addition, 3 strains of 


pre sumed Bacteroides 


teristics were sele« 
and 1 of Leptotrichia were 
used, the former because of their reported patho- 
genicity in 2® the latter 


pure ¢ ulture,"* because 


Clark, A 
mnell, D.C 


Rosebury, 1 
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234-248 
Rosebury, 1 
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press 
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it has apparently been mistaken for a large fusi- 
form bacillus.'?' In the hope of avoiding possible 
changes in pathogenicity resulting from pro- 
longed artificial cultivation during the period 
of collection of these cultures, each one was pro- 
visionally identified by morphological means 
when isolated, tested for aerobic growth, and the 
earliest available pure subculture stored until 
needed by freezing in solid carbon dioxide. The 
effectiveness of method in maintaining 
viability of cultures of the oral anaerobes and in 
preserving the infectivity of fusospirochetal exu- 
dates is reported on elsewhere. 
Mediums.—The composition of the AFK and 
SUK mediums, used principally for isolation 
and 


this 


maintenance of spirochetes, is given in 
another report.’* Both were made with the 
Proske-Sayers” “hormone’’ base and contained 
1.2% agar, 30% fluid (AF) or serum 
ultrafiltrate (SU), 0.1% cysteine hydrochloride 
and minced fresh guinea pig kidney. Other 
mediums used were: blood agar—heart infusion, 
2% agar, pH 7.6, with 10% defibrinated sheep 
blood; brain-heart agar—Bacto brain-heart in- 
fusion (No. B37) with 2% agar; enriched veal 
infusion agar-—Bacto veal infusion medium with 
2% agar added, to which was added aseptically 
ascitic fluid, 30%, dextrose, 0.2%, and neutra- 
lized cysteine hydrochloride, 0.1%, final pH 
7.3-7.6; gertian violet agar—enriched veal in- 
fusion agar as above with 0.003% gentian violet 
added; enriched veal infusion broth—-Bacto veal 
infusion 


ascitic 


medium (containing 0.1% agar), to 
which was added aseptically ascitic fluid, 10%, 
dextrose, 0.1%, and neutralized cysteine hydro- 
chloride, 0.1%, final pH 7.3-7.6; thioglycollate 
medium—Bacto Brewer medium No. B.36; 
Robinson-Wichelhausen broth*—the 1% rabbit 
blood, agar-free medium, slightly modified from 
that of the original authors, as described else- 
where."* 

Distilled water solutions of dextrose (20%), 
cysteine hydrochloride (10%) and gentian violet 
(0.1%), as well as normal sodium hydroxide used 
for titration, were sierilized by autoclaving at 
15 pounds pressure for 20 minutes and added 


19. Beaver, D. C., Henthorne, J. C. and Macy 
J. M. 1934, Arch. Path. 17: 493. 

20. Smith, W. E. and Ropes, M. W. 1945, New 
England J. Med. 232: 31. 


Thjgtta, T., Hartmann, O. and Bége, J. 
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I. Mat.-Naturv. Klasse, No. 5. 
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ised. & Oral Path. In press. 

Robinson, L. B. and Wichelhausen, R. H 
1946, Bull. Johns Hopkins Hosp. 79: 436 
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to the mediums aseptically. All mediums were 
tested for sterility by incubation at 37 C aero- 
bically for 24 hours, then anaerobically in hydro- 
gen jars for 48 hours. Except for thioglycollate 
medium, which was heated in a water bath at 
100 C and cooled rapidly before inoculation, all 
mediums were stored in anaerobic jars at room 
temperature until needed. All cultures including 
those in thioglycollate medium, but excepting 
cultures of spirochetes in the AFK medium in 
Noguchi tubes, were incubated anaerobically 

The following cultures were used in these 
studies: 

Spirochetes—TM8. From gingival scrapings, 
case BB (Vincent's gingivitis). AFK plate, 7 
days anaerobically at 37 C, from a diffuse haze."® 
A consistently tightly wound spirochete typical 
of T. microdentium.'® 

TM11. From gingival scrapings, case GP (Vin- 
cent’s gingivitis). SUK plate, 6 days anaerobically 
at 37 C, from a demarked haze." A variable 
tightly wound spirochete. 

Except as otherwise noted the following strains 
were isolated directly from gingival scrapings in 
cultures incubated anaerobically at 37 C, failed 
to grow aerobically on blood agar and grew in 
thioglycollate broth. 

Fusobacterium.—F 12. From case JG (periodon- 
toclasia); isolated from a brain-heart agar streak 
culture incubated 5 days. Morphology typical 
of Fusobacterium as described by Bée.*’ 

F28. From case GM (periodontal abscess), on 
gentian violet agar streak, 5 days. Typical Fuso- 
bacterium. 

-VB2. 


separated, 


Vibrios. From 


case JM 
probably 


(marginal 
gingivitis) ; incompletely, 
from spirochetes in an AFK plate, after 4 trans- 
fers through AFK medium in Noguchi tubes 
Small 


gram-negative, 


vibrios and larger spirilla-like forms, 


active darting and tumbling 
motility. No growth on blood agar anaerobically. 
Light growth in enriched veal infusion broth, 
not in thioglycollate medium. 

VB4. ML 


on blood agar streak, 8 days. Colony 1 mm, flat 


From case (marginal gingivitis), 
umbonate, opaque center, petalled edge. Small 


comma-shaped 


and spirillar forms, variably 
gram-negative, actively motile. 

VBS5. From case MW (periodontoclasia). Iso- 
lated, from mixed culture on an 8-day blood agar 
streak culture, after 4 subcultures in thiogly- 
collate broth and 1 on blood agar anaerobically 
Colony after 5 days less than 1 mm, transparent, 
umbonate. Slender, straight, curved and double- 
flagellated 


VB6. From case GE (periodontoclasia) 


curved gram-negative rods, motile, 
Iso- 


lated, from mixed culture with Leptotrichia, in a 


221 


SUK spirochete plate, by streaking on blood agar 
anaerobically. Colony after 4 days, up to 1 mm, 
graying, low cone-shaped, smooth matt confluent 
Small, straight, curved and double-curved rods, 
some chains, some filaments. Gram-negative, 
actively motile. 

Streptococci. —S3. Case IS (marginal gingivitis), 
on blood agar streak, 8 days. Colony more than 
1 mm, rough, convex, translucent. No action on 
blood. Large gram-positive coccus in long chains 

$17. From 4th passage guinea pig exudate from 
case IS (marginal gingivitis), on enriched veal 
infusion agar streak, 


3 days. than 


0.5 mm, low, convex, translucent, pale grayish, 


Colony less 


smooth. Variable gram-positive cocci in pairs and 
short chains 

$20. From 7th passage guinea pig exudate 
from case AW (periodontoclasia), on blood agar 
streak, 2 days. Colony, more than 1 mm, smooth, 
blood. Medium gram- 
positive cocci in pairs, short and long chains. 


opaque No action on 


Anaerobic gram-negative rods (presumptively 


Bacteroides).—B6. From case MW (periodonto- 


clasia), on blood agar streak, 4 days. Colony less 


than 1 mm, low, convex, smooth, yellowish 


center, translucent edge. Delicate gram-negative 


rods, nonmotile. Better growth in serum broth 

and in enriched veal infusion broth than in 

thioglycollate medium. 
B13. MB 


Separated from spirochetes in a 


From case periodon toc lasia) 


AFK 


spirochete plate by growth in enriched veal in- 


7-day 


fusion broth. Colonies on blood agar at 4 days, 
less than 1 mm, gray, translucent smooth, with 
Both types 
showed delicate granular gram-negative rods and 


minute rough depressed variants. 


filaments, nonmotile, with some fusiform and 


some funduliform elements, and forms 


some 

showing single contours under darkfield illumina- 

tion. 
F26 


followed by mouse brain inoculation,’ from case 


From 12th passage guinea pig exudate 


AW (periodontoclasia). Isolated from a gentian 
violet agar plate. 

Leptotrichia. L1. From case MW 
clasia), in an AFK spirochete plate, 


periodonto 


5 days, from 


a fibrous haze," on blood agar streak, 4 days 


Colonies less than 1 mm, translucent, ‘‘medusa- 
head” or rhizoid. Coarse gram-positive granular 
rods and filaments, some with one or both ends 
pointed ; easily decolorized by alcohol; nonmotile 
Growth in enriched veal infusion broth. 

Mass 


tures were prepared in 125 ml Florence 


Procedure for pathogenicity tests cul- 
flasks 
filled with fluid medium to the neck. For the two 
spirochete strains, Robinson-Wichelhausen broth 
was used; for enriched 


all others, veal infusion 
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broth. For the first experiment the flasks, after 


having been incubated anaerobically for 48 
freshly 
rMil 
isolated AFK culture was 
flask 


[M8 was found to be contaminated, and a cul- 


hours, were inoculated directly from 


thawed seed cultures, except for strain 
for which a recently 
this culture of strain 


used In series the 


ture in an AFK tube was substituted, approxi- 


2 this 


mately ml of spirochete-laden agar from 
culture being emulsified in 5 ml of suspending 
medium consisting of 0.1% gelatin and 0.9% 
sodium chloride in distilled water. This suspen- 
sion contained approximately 10 spirochetes per 
oil-immersion field, as compared with the final 
suspension of strain TM11 in flask culture, which 
showed approximately 200 spirochetes per field 
Che flask cultures, after removal of about 20 ml 
from the upper portion and shaking with sterile 
glass beads, were centrifuged at approximately 
6000 r.p.m. for 


45 minutes. The sediment, con- 


isting (except for TM11, which contained no 


agar) of about 5 ml of each of two 


50-ml 


agar gel in 


centrifuge tubes, was resuspended and 
pooled for each strain by addition of 10 ml of 
gelatin-saline solution. Attempts to standardize 
these suspensions with the aid of a Klett-Sum- 
merson photoelectric colorimeter were unsuccess- 

apparently because of the inhomogeneity of 
the agar-gel Mi roscopit 


suspen counts 


stained by Wright's 


ons 

wainst human red blood cells 
method indicated that the suspensions contained 
from 0.45 to 210° organisms per ml. Satisfac- 
counts 


tory of the spirochete suspensions could 


obtained by this method 


For the 


were 


not be 
second experiment additional strains 


selected in an effort to provide cultures iso 


1 from guinea pig passage exudate; but 3 


. spirochete strains that failed to grow 


nson-Wichelhausen broth, and a strain 


initial culture of which was 
al le The 


S17 


tn the 


roken) however 


proved unu 
} 


ich trains 


F12 and B13) whic 


group 


$20) ) 


and and 2 
h had been reisolated 

» first experiment 

to enhance growth 
experiment, the freshly 
grown for 48 
in Robinson-Wichelhausen 


d veal infusion 
to flasks 


were first 


ires in enriche 
1 

n 

lwOCcUula 


{ 
iums for 


eemed 
since 


rocytes ol spensions prepare 


experiment were now ! ind 


to 4.9109 « ni Det 


pirochete however 
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flask cultures. 
pared by pooling the spirochete-laden agar from 
3 AFK M11 

with 10 ml of gelatin-saline solution 


A suspension was therefore pre- 


tube cultures of in suspension 


rhis suspen- 


sion was found to contain approximately 25 


spirochetes per oil-immersion field 


Inoculums for guinea pigs were prepared 


throughout by mixing equal volumes of cultures 
I'M8 in the first 
Since this strain was in 


except for strain experiment 


hort supply it was used 
in the proportion of 0.5-0.7 ml to 1 ml of other 
strains. All guinea pigs in both experiments re 
ceived 1 ml subcutaneously in the shaved inner 
aspect of the upper thigh, followed by traumatiza 
tion of the injected area with the needle. As 
indicated in the tables, the 11 strains used in the 
first experiment were inoculated individually, in 
selected groups of 4, 5 and 6 cultures, and in 
a pool containing all 11. In the second experiment 
the 10 strains used were inoculated individually 
2 4 strains. Two 


and in selected groups of 3 and 


guinea pigs were used in each group except for 
the groups of 6 and 11 cultures in the first ex 
in which 3 animals were used, and the 


[M11 in the 


enough ma 


periment 


individual inoculation of strain 


second experiment, in which only 


terial for a single animal was availabl 


rhe guinea pigs were examined daily for 8 


to 14 days, when they were killed and autopsied 


In animals showing evidence of fluctuating ab 


cesses, aspiration of exudate was attempted as 


M hen 


examined 


early as the 6th day after inoculation 


} 


exudate could be obtained it was 


under the darktield microse« ind, if the findings 


warranted In sever 
instance 
from anim 
were streaked 
, 


inat rol 1¢ ally 


organism 


table 1 


experiment the 


indicate that in 


The data in 


the first noculation of 
pure ¢ ultures of the two Spiroc he tes, one 


vibrio (VB5) and one of the presumptive 
Bacteroides strains B6 


ich of the 


gave negative 


results. | other 7 strains pro 


duced a distinct ibscess Im one or both 


Three of these 
ind 13 


exudates, 


inoculated animals 
F12, | 
isolated from the 


other 4 the 


strains were re 
the 
i] 


inoculated organism could 


d in 


be seen in the exudate mi roscopl ally 


lransfer of exudate from each of the 
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TABLE 1 sults of first experiment on recombination of the fusos piroe hetal flora 


Responses in guinea pigs 
Mil TM8 ment oon 


+R T=0 


+ (no spirochetes); -+ (full flora) 
T =0 
+ (full flora) T =0 
-O 
(no spirochetes) T 
flora) 
+ T =0 
(no spirochetes); 0 
(no spirochetes); 0 
+ (full flora) T =0 


no spirochetes) “ 0; + (no 


t no spiro- 





spirochetes); + (full 
flora) T=+; + full flora 
T =0 


*xudate; +, moderate abscess with fluid pus; 
ted; T =exudate transferred to a fresh guinea 
*parated by semicolons. ‘No spirochetes’ and 


n of the fusospirochetal flora 


Responses in guin 


both 


no spirochetes 


spirochetes 
] 


no spiroche 
no spiroche 
no spiroche 
no spiroche 


no spiroche 
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B13 


failed to demonstrate satisfactory trans- 


animals inoculated with strain 


missibility of the infection. 
Inoculation of combinations of 4 or 
strains in the first 


table 1 
whole 


more experiment 


yielded lesions which on the 


were neither larger nor more 


characteristt ol fusospiroc hetal in- 
fection than those obtained with single 
pure cultures. Whereas typical lesions 
obtained with fusospirochetal passage 
exudate regularly attain a diameter of 3 
cm or more within the experimental 
period employed, and often yield 5 ml 
or more of exudate, none of the lesions 
in this series exceeded a diameter of 1.5 
cm, and none yielded more than 0.5 ml 
of exudate. These lesions, moreover, 
showed little evidence of necrosis, and 
lacked the foul 


characteristic of fusospirochetal 


their exudates odor 

in- 
fections. Although in some instances the 
the darkfield 


microscope all the morphological types 


exudates showed under 
present in the inoculum, these organisms 
found in characteristic 


When 


these 


were neve 


abundance transferred to fresh 


pigs exudates yielded 


guinea 


either negative results or lesions that 


were less marked or less characteristic 

than that from which the exudate had 

been drawn 
In the 


marized in table 2, 


second experiment, sum- 
the results were still 
less typical of fusospirochetal infection. 
he most marked responses were again 
with 


B13 alone. Some of the 


obtained in animals inoculated 
strains F12 or 
with combinations 


animals inoculated 


ol or 3 cultures showed all the inocu- 
lated forms in the lesion exudates, but 
in this experiment spirochetes could not 


be found in any of the exudates 


DISCUSSION 


It is apparent from these experiments 


that something more is required for the 


experimental reproduction ol typical 
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fusospirochetal infection in guinea pigs 
than the mere recombination of spiro- 
chetes, fusiform bacilli, vibrios, strepto- 
cocci and other bacteria isolated from 
human gingival and periodontal disease. 
The absent factors or conditions may 
have been among the following: 

1. One 
microorganisms may have been lacking. 


or more essential types of 
The two strains of spirochetes and the 
two of Fusobacterium seem to have cor- 
responded with those used successfully 
in earlier studies," particularly since 
the specifications do not seem to have 
been exacting for either. It may be noted 
that both Fusobacterium 
manifested a low degree of independent 
both having been 
lesions induced 


strains of 
pathogenicity, re- 
with 
Among the 4 
anaerobic vibrios used, none showed the 


isolated from 


single pure cultures. 
greening on blood agar described by the 
previous workers, two of these strains 
(VB2 and VBS) were completely lack- 
ing in independent pathogenicity, and 
neither of the others yielded lesions 
comparable in severity with those de- 
scribed by these workers or by Smith." 
From the data of these two groups of 
workers the requirement for a strepto- 
coccus likewise seems equivocal; and if 
the reported findings of Kritchewski and 
Seguin® are also accepted, it would seem 
very doubtful that the experiments here 
reported failed because none of the 3 
streptococci used was appropriate. The 
further addition of two anaerobic gram- 
negative bacilli, one of which (strain 
B13) showed an independent patho- 
genic effect similar to that of the strains 
of Fusobacterium, and of one strain of 
Leptotrichia, did not appreciably en- 
hance the pathogenicity of these com- 
binations. 

2. One or more of the cultures used 
may have been present in the inoculums 
in insufficient concentration. While 
neither Kritchewski and Seguin® nor 
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Smith" presented quantitative data on 
these experiments, the reports of both 
suggest that the inoculum required for 
infection is not large. The concentra- 
tion of cultures used in this work ex- 
ceeded those used by Proske and 
Sayers” for all the types except spiro- 
chetes. The attainment of higher con- 
centrations was prevented in these 
studies by the presence of agar in the 
broth cultures, which interfered with ef- 
fective centrifugation, and by inability 
to obtain consistent growth of spiro- 
chetes in a fluid medium. The latter 
difficulty is considered more fully in 
another report.'* That the present re- 
sults may have depended on the use of 
too few spirochetes is suggested (a) by 
the consistent failure of the spirochete 
cultures to yield lesions when inoculated 
individually; (b) by the finding in the 
first experiment that increasing num- 
bers of types in the inoculum, with cor- 
respondingly decreasing concentrations 
of each type, yielded decreasing re- 
sponses; and (c) by the consistently 
poor results obtained in experiment 2, 
in which the spirochete suspension was 
light and spirochetes failed to appear in 
the exudates. 

3. Among other possible explanations 
for these findings are: (a) one or more 
of the cultures may have undergone at- 
tenuation of virulence during the period 
of cultivation or of preparation of the 
inoculum; (b) there may have been 
mutual antagonism among the recom- 
bined cultures; or (c) one or more micro- 
organisms in addition to those studied, 


or another pathogenic form, e.g., a 
virus, may be required for the produc- 
tion of fusospirochetal infection. 

These considerations form the basis of 
studies whichare reported separately.'*"4 


SUMMARY 


Attempts were made to determine the 
pathogenicity of 15 cultures of anaero- 
bic bacteria derived from the human 
mouth, the cultures having been concen- 


trated and inoculated into guinea pigs 
individually and in selected combina- 
tions of 2, 3, 4, 5, 6 and 11. Included 
were spirochetes, Fusobacterium, vibrios, 
streptococci, presumptive Bacteroides 
and a Leptotrichia, all of which grew only 


under anaerobic conditions. The cultures 
of spirochetes could be grown abun- 
dantly in an agar medium but only ir- 
regularly in an agar-free broth, so that 
with one exception mass cultures of these 
organisms were unsuccessful. Guinea pigs 
inoculated with three individual cultures 
(two Fusobactertum and one presump- 
tive Bacteroides) showed small abscesses 
from which these cultures were reiso- 
lated. In certain other instances the full 
inoculated flora could be identified mi- 
croscopically in the lesion exudates. The 
experimental lesions were all smaller 
than typical fusospirochetal abscesses, 
showed less abundant exudates lacking 
the typical fusospirochetal odor, con- 
tained lower concentrations of micro- 
organisms, and could not be effectively 
transmitted to fresh guinea pigs. The 
findings are discussed in relation to 
those of previous workers. 
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From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York City 


In a previous study! it was reported 
that 
could not be reproduced in guinea pigs 


typical fusospirochetal infection 


with combinations of pure cultures of 
bacilli, 


streptococci and other bacteria isolated 


spirochetes, fusiform vibrios, 
from gingival or periodontal diseases. 
The lesions that resulted from inocula- 
tion of these cultures separately and in 
various combinations were small and 
lacked several of the characteristics of 
the infection, as it is regularly elicited 
guinea 


with pig 


exudates. These findings were thought 


unpurified passage 


to be due to one or more of the following 


conditions: (a) essential members of the 


fusospirochetal flora may have been 


lacking (b) the preparations used may 
have been insufficiently concentrated or 
insuf- 


(c) the cultures may have been 


ficiently virulent or mutually antag- 


onistic. The present report deals with 
experiments designed to supply these 
missing conditions. It is based on studies 
pig 
fusospirochetal 


single guinea 


ol 
Che infectivity 


with a passage 


“strain” infection. 
of this strain was deter- 
mined by titration of exudate in guinea 
pigs, and the numbers of each contained 
morphological type of microorganism in 
the infective dose determined by micro- 


Che 


analyzed by cultural means in an effort 


scopl count exudate was then 


blication May 11, 1950 

of He ilth 

ellowships 

1 R sel ury I 
Ter 1950, | 


Clark, \.R ' (ys 
Infect. Dis. 87: 217 


gis, F 


all its micro- 
Mass 


then prepared, recombined as nearly as 


to isolate component 


organisms. pure cultures were 


possible in the estimated concentration 


and inoculated into guinea pigs 


METHODS 


Ihe source material for these studies was a 
suspension of gingival scrapings from a case of 
M.P.) 


inoculated 


Vincent's gingivitis he suspension, in 


extract broth, was subcutaneously 


into guinea pigs,?* and exudate from the resulting 


lesions passed serially through fresh guinea pigs 


Exudate was aspirated only from nondraining 
localized lesions on the 5th to the 9th day after 


inoculation, and either passed directly to fresh 


animals or preserved by freezing in solid carbon 


dioxide. Strict aseptic technique was adhered 


to in order to avoid the possible introduction of 


extraneous microorganisms into the exudates 


Routine aerobic cultures of passage exudates on 


sheep blood agar-streaked plates showed the 


presence of a greening streptococcus as the only 


aerobic microorganism present 


For titration of infectivity only, a second pas- 


SOSPIroK hetal infection was used 


| he 


of marginal gingivitis, 


sage strain of fu 
in addition to the M.P. strain second strain 
(C.S.), derived from a case 


t 
the same procedure 


was handled by | 


ated 


from 3 guinea pigs of the 
tration of the M.P 


x exudates of 
he CS 


Exudate aspir 
8th passage was pooled for 
strain, while a pool of 2 g 
the 10th pas 


Groups of 4 guinea pigs 


age was strain 


t 
50 to 350 ¢ in weight, 


uneously in the left groin 
0.4. 0.2 and 1 ml of 


1e following dilu 


inoculated subcut 


OS 


were 
with, respectively, un- 
diluted exudate, and 


tions in extract broth 
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Dent. A. 26: 1798 


Rosebury, 1 





FLORA OF FUSOSPIROCHETAL INFECTION 


and 1:64. With the C.S. strain an additional 
group of guinea pigs received 0.1 ml of a 1:128 
dilution. The animals were examined daily and 
dead animals autopsied. Surviving animals were 
sacrificed and autopsied on the 11th day after 
inoculation. Infected animals all showed typical 
fusospirochetal lesions with three exceptions in 
which intercurrent infections occurred; these 
animals have been excluded from the tabulations. 
Animals were recorded as infected or dead, and 
LDso and IDs9 values were estimated from the 
data by the method of Reed and Muench. 
The concentration of microorganisms was 
estimated, both in the pooled exudate used for 
the guinea pig titration and in the culture suspen- 
sions used for the recombination experiments, 
as follows. Two or more dilutions of each sample 
were used for each determination. Aliquots of 
each dilution were mixed with an equal volume 
of finger blood in a white-cell pipette and blood 
films prepared. Blood from the same subject, 
with a count of 4.5X10* erythrocytes per ml, 
was used throughout. For spirochetes the slides 
were fixed by immersion in 10% formalin for 1 
minute, dried in air and stained by the Victoria 
blue method of Goldsworthy and Ward.$ For all 
other organisms separate slides were fixed by 
flooding them with methyl alcohol, flaming and 
allowing the alcohol to burn off, and stained by 
the Kopeloff and Beerman? modification of 
Gram's method. For the exudate samples differen- 
tial counts were made of the following morpholog- 
ical categories, corresponding approximately 
to the cultures isolated from the M.P. strain as 


described below: spirochetes (undifferentiated) ; 


small gram-negative fusiform rods; curved gram- 


negative rods (‘‘vibrios’’); other gram-negative 
rods; small gram-positive rods; gram-positive 
bent rods; and streptococci. Counts were esti- 
mated as averages for the slides of each sample 
of organisms per 1000 red cells Xdilution X4.5 
X10%=organisms per ml. 

For isolation of the microorganisms in M.P. 
exudates the mediums and methods in a previous 
report! were used. All cultures were derived from 
anaerobic plates seeded with exudates of 8th, 
Sth or 10th guinea pig passages. The earliest 
available pure subculture (or, with spirochetes, 
the earliest bacteria-free subculture)* of each 


5. Reed, L. J. and Muench, H. 1938, Am 
Hyg. 27: 493 

6. Goldsworthy, N. E. and Ward, H. K. 1942 
J]. Path. & Bact. 54: 382. 
Kopeloff, N. and Beerman, P. 1922, J. Infect 
Dis. 31: 480. 

8. Rosebury, T., Macdonald, J. B., Ellison, S 


was stored in solid carbon dioxide.‘ The following 
15 cultures were selected for the recombination 
experiments out of 24, which included replicate 
cultures or closely related forms.* 

Spirochetes —TM13. From a demarked haze® 
in a 6-day AFK plate; originally tightly wound 
but very variable in subcultures, with many 
intermediate forms. 

I'M13b. From a haze slightly less clearly de- 


marked than the preceding, in a 5-day AFK 


plate. Tightly wound, variable. 

I'M13d. From an intermediate haze in a 5-day 
SUK plate; intermediate, variable. 

Fusobacterium.—F 39a. From a smooth colony 
with internal markings, on a 3-day gentian 
violet agar plate. Small granular fusiform rods, 
gram-negative, nonmotile. No growth on aerobic 
blood agar. Acid in dextrose, no acid in sucrose or 
mannite. Produced indol, ammonia, urease, and 
small amounts of hydrogen sulfide; gas formed 
in thiogly« ollate-1° agar shake cultures; nitrate 
not reduced. 

Vibrios.—VB7a. Separated from spirochetes, 
probably incompletely, after 4 passages in AFK 
tube cultures, by growth in thioglycollate broth 
with 10% ascitic fluid, and in enriched veal in- 
fusion broth.' No growth on the surface of solid 
mediums aerobically or anaerobically; light 
growth in the fluid mediums mentioned. Curved 
rods, 0.4 to 0.65 to 7 u, gram-negative, active 
tumbling motility. Very pleomorphic in thio 
glycollate mediums. Acid in dextrose and sucrose; 
no acid in mannite. No growth in other test 
mediums. 

VB8. From a smooth, low-raised translucent 
colony, less than 1 mm in diameter, on a 4-day 
blood agar plate. Small gram-negative rods 
straight or slightly curved, some with pointed 
ends, motile. No growth aerobically on blood 
yar. Growth in thioglycollate broth and in 
enriched veal infusion broth. Acid in dextrose 
and sucrose, slight acid in mannite. No growth 
in other test mediums 

VB9. From a 5-day culture on blood agar con- 
taining 50 units of bacitracin; probably identical 
with VB8. 

B22. From a 1.5 mm smooth convex colony 
with opaque center on a 7-day blood agar plate 
Short, slender straight gram-negative rods and 
coccoidal forms, some in short chains, sluggishly 
motile. Moderate growth in thioglycollate broth 


and in enriched veal infusion broth. No growth 


A. and Engel, S. G. Oral Surg., Oral Med. & 
Oral Path. In press 
* For further biochemical data on these strains 


see the next paper in this series 
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aerobically on blood agar. Acid in dextrose; 
slight acid in sucrose and mannite. Produced 
urease and ammonia. No growth in other test 
mediums, 

Nonmotile gram-negative anaerobic rods.—F41. 
From a 1 mm smooth translucent granular colony 
on a 3-day blood agar plate. Gram-negative rods, 
and (funduliform) elements, 

No blood 


agar. Poor growth in thioglycollate broth and in 


filaments swollen 


nonmotile. growth aerobically on 
enriched veal infusion broth. Dextrose, sucrose 
and mannite not fermented; no indol, ammonia 
or urease produced. 

823. From a 1 mm rough, convex colony on a 
7-day blood agar plate. Small gram-negative 
rods, some straight, some curved, some ovoid; 
nonmotile. No growth aerobically on blood agar. 
Moderate growth in thioglycollate broth and in 
enriched veal infusion broth. Acid in dextrose, 
sucrose and mannite. Produced ammonia and 
urease. No growth in other test mediums 
R28. 


From a 0.5 mm, high, convex, yellow, smooth, 


Vonmotile gram-positive anaerobic rods.- 


opaque colony on a 3-day blood agar plate. Slen- 
der gram-positive rods, nonmotile, characteris- 
tically bent but unbranched; many V- and Y- 
groups. No growth aerobically on blood agar. 
Heavy growth in thioglycollate broth and in 
enriched veal infusion broth. Acid in dextrose, 
sucrose and mannite; gas in thioglycollate agar 
sulfide, 
ammonia or urease produced; nitrate not reduced. 

R29 


graying translucent colony on a 3-day blood agar 


shake cultures; no indol, hydrogen 


From a 0.5 mm, low, convex, smooth, 


plate. Small, straight, uniform, gram-positive rods, 
some in chains; nonmotile. No growth aerobically 
on blood agar. Moderate growth in thioglycollate 
broth and in enriched veal infusion broth. Acid 


j 


in dextrose, sucrose and mannite. Produced 


ammonia and urease, no indol, no hydrogen sul- 
fide 
Streptococet 


translucent 


S23. From a 1 mm, round, low 


convex granular colony on a 3-day 


anaerobic) blood agar plate Gram-positive 


diplococei and streptococci, nonmotile. Growth 
ierobically on blood agar, with greening. Heavy 
growth in thioglycollate and other broth medi- 


Acid in 


Produced ammonia; no indol 


ums dextrose, sucrose and mannite 


hydrogen sulfide 
or urease; nitrate not reduced 
$26. From a 0.5 mm, grayish, smooth, trans- 
lucent colony on a 3-day blood plate. Large gram- 
streptococci 
war. Moderate 


enriche 


positive diplococci ind nonmotile 
No growtl 


growth in thioglycollat 


aerobically on blood 


} 


roth and in 


veal infusion broth. Acid in dextrose, sucrose and 


No 


produce 


mannite indol, hydrogen sulfide, ammonia 


or urease 1; nitrate not reduced 
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$27. 0.5 
) 


smooth, transparent colony on a 3-day 


(less than mm), 
blood 


plate. Small gram-positive diplococci and strepto- 


From a minute 


cocci, nonmotile. No growth aerobically on blood 
agar. Light growth in thioglycollate broth and 
in enriched veal infusion broth. No acid in dex- 
trose, sucrose or mannite. Produced hydrogen 
sulfide, ammonia and urease, no indol; nitrate not 
reduced. 

Procedure experiments.— 
During the course of these experiments the stud- 


for recombination 
ies on spirochetes reported elsewhere® were in 
progress, and it was decided on the basis of cur- 
rent findings to prepare the spirochete cultures 
by growth in 125 ml flasks of fluid Proske-Sayers 
AFK broth (‘“FAFK"’) and alternately in the 
same medium containing 0.1% agar. Duplicate 
flasks of each medium were used for each strain. 
Freshly thawed samples of each spirochete “ul- 
ture were inoculated first into tubes of the 0.1% 
agar medium and incubated 7 days at 37 C. 
Selected cultures of each strain showing abundant 
pure growth of spirochetes by darkfield examina- 
tion were transferred once more through 7-day 
cultures in tubes of the same medium and then 
seeded from the heaviest culture of each strain 
into the flasks, which were incubated in anaerobic 
jars for 7 days at 37 C. Parallel tube cultures in 
the FAFK medium showed distinctly less marked 
growth than those in the 0.1% agar medium and 
The FAFK flask cultures, how- 
100 to 200 


spirochetes per oil-immersion field in the whole 


were not used. 
ever, all showed abundant growth 


broth) and were selected for concentration. 
Preliminary experiments with the other cul- 
tures led to choice of the following mediums and 
growth schedules. Fluid mediums were prepared 
for mass cultures in 125 ml flasks as in previous 
experiments.' In addition, sheep blood agar was 
prepared in 4 oz. screw-cap bottles, incubated for 


sterility at 37 C aerobically for 24 hours, then in 
$8 hours before inoculation. 
R28 


in enriched 


anaerobic 
The 
were grown in duplicate for 3 days 
veal infusion broth and in thioglycollate broth 
10% of ascitic fluid VB7a 


was grown for 3 days in the former medium only. 


jars for 


3 streptococci, and strains F39a and 


containing Strain 


Strains B23, F41 and R29 were grown for 5 days 
strains VB8, 


wn for 5 days in enriched 


in the same two mediums, and 


VB9 and B22 were gr 
veal infusion broth and as surface cultures on 
blood agar. All cultures were grown first in tubes 


of the respective mediums as noted above 


freshly samples and incu- 


rhe 


re then inoculated 


seeded from thawed 


bated for the indicated 3- or 5-day periods 


favorable seed cultures we 


into flasks of broth 


war in bottles, or 


most 
or streaked heavily on blood 


both. At each transfer of all 
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cultures, streaked blood agar plates were in- 
cubated aerobically as checks on purity, in addi- 
tion to routine Gram stains and darkfield prep- 
arations. All cultures, including spirochetes, were 
scheduled in such a way that the final mass 
cultures were ready for harvesting on the same 
day. 

rhe mass cultures showing most abundant 
growth and therefore selected for recombination 
were: in thioglycollate-ascitic fluid broth, strains 
$23, S26, S27, F39a, R28,-R29 and B23; in en- 
riched veal infusion broth, strains F41 and VB7a; 
and on blood agar, strains of VB8, VB9 and B22. 
rhe contents of each flask, including spirochete 
cultures, were transferred to two 100 ml centri- 
fuge tubes, and the growth from each bottle 
washed off with 5 ml of the supernatant from 
centrifuged sterile thioglycollate broth. After 
centrifugation at approximately 1800 r.p.m. for 
1 hour, the sediments were resuspended in 
minimal volumes of broth, using centrifuged 
sterile thioglycollate broth for cultures grown in 
that medium or on blood agar, and the super- 
natant from the individual cultures for the 
others. Pooled suspensions for each strain were 
then counted by the method previously noted, 
using dilutions in 0.85% sodium chloride con- 
taining 1° dextrose. The counts ranged from 
2.3 to 28.4X10* organisms per ml, except for 
strain F41, which grew poorly and yielded only 
0.2X10° organisms per ml. The lower counts 
were associated either with poor growth or with 
the presence of agar in the medium, which pre- 
vented effective centrifugation. The 3 strains of 
spirochetes, which grew well and were centri- 
fuged from agar-free FAFK broth, gave yields 
per ml (X10%) of 11.7 (TM13), 28.4 (TM13b) 
and 22.0 (TM13d). From the counts the volumes 
were calculated for each suspension to make up 
suitable amounts of mixtures such that an animal 
inoculum of 1 ml or less would contain approxi- 
mately the required number of each type. As is 
shown in table 3, an adequate approximation 
of the concentration estimated as required for 
infection was obtained with all cultures except 
the streptococci. Suspensions of these organisms 
were light in proportion to the high concentra- 
tions required. Hence, to avoid excessive dilution 
of the recombination mixtures, approximately 
half the number estimated as required in the 
LDsgo was employed. Twice the number of strain 
229 estimated as required was included in the 
first 3 experimental mixtures by error. 

Since the operations of harvesting, concen- 
trating and counting the cultures consumed two 
days, the suspensions, after being prepared, were 
stored in a refrigerator at 4 C for approximately 
40 hours before being recombined, the animal 


inoculations being made on the second day after 
harvesting. 

Groups of 6 guinea pigs were inoculated with 
each of 7 preparations, including 2 intended as 
controls. The first preparation comprised all 15 
strains suspended in extract broth; the inoculum 
was 0.85 ml. The second mixture was the same 
as the first except that, after having been pre- 
pared, it was recentrifuged at 1800 r.p.m. for 1 
hour and the sediment resuspended in an equiva- 
lent volume of a sterile Seitz filtrate of pooled 
guinea pig fusospirochetal exudate; the inoculum 
was 0.85 ml. The next three groups received ex- 
tract broth suspensions corresponding with the 
first preparation except that the following 
strains were omitted: in group 3, S23 (the aerobic 
streptococcus), inoculum 1 ml; in group 4, B23, 
F41, R28 and R29, inoculum 0.6 ml; and in 
group 5, all 5 cultures omitted in the 2 previous 
groups, inoculum 0.8 ml. Group 6 was inoculated 
with 0.1 ml of freshly thawed exudate (M.P., 
9th passage). This inoculum, as indicated below, 
was estimated as roughly equivalent in kinds 
and concentrations of microorganisms to the re- 
combined suspension used in groups 1 and 2. 
Group 7 received 1 ml of a mixture of sediments 
prepared by centrifuging sterile thioglycollate and 
enriched veal infusion broths and combining them 
in proportions equivalent to those of Group 1. 

Guinea pigs weighing from 300 to 350 g were 
inoculated subcutaneously in the left groin, using 
added traumatization with the injection needle 
for all animals except the exudate controls, 
group 6. The animals were examined daily and, 
in the experimental groups, beginning with the 
5th day after inoculation, all lesions with evi- 
dence of fluctuation were aspirated, the exudate 
examined by darkfield illumination and, where 
the results warranted, passed to a fresh animal. 
Iransfers were not undertaken for group 6, in 
which typical fusospirochetal responses appeared, 
nor in group 7, in which no aspirable lesions re- 
sulted 


RESULTS 


The results of the two guinea pig 
titrations, with exudates of the M.P. 
and CS. strains, respectively, are given 


in tables 1 and 2. These experiments rep- 


resented attempts at greater precision 
than was achieved in an earlier study.*As 
would be expected, however, with inocu- 
lums of low infectivity, the variability 


9. Shpuntoff, H. and Rosebury, T. 1949, J 
Dent. Research, 28: 7. 
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of the findings is still high—indeed too 
high for adequate statistical treatment. 
There is nevertheless a clear indication 
in both tables of decreasing infectivity 
and lethality with increasing dilution; 
and the close agreement of estimated 


50% lethal and infective doses for the 


hetal 
M.P. 


Titration of fusospiroc 


t 


TABLE 1 


] 
exudate in guinea pig ert 


guinea pigs 


Exten- Infected Dead 
sion —— 
Total Total 


eee oe 


1 
0 
0 
0 


4 
4 
3 
2/4 
3 
4 
4 
4 


Co 


0/4 
0/4 


er ee ee eee 


pooled from 3 animals, diluted in 
ns subcutaneous. 

0.1 ml of 1:1.2 dilution 

0.1 ml of 1:25 dilution 


»s ptrochetal 


Dead 


Total 


ee 
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ee 


two strains sug; their rough reli- 


ests 


ability. In both series it may be noted 
that infectivity seemed to fall off sh irply 
the 1:16 1:32 dilu 


he single infection that occurred 


between and the 
tions 
in each series at a higher dilution (1:64 
was a very small but nevertheless typi- 
cal fusospirochetal abscess. Death, on 


h ind, 


is thought to result from overwhelming 


which in this instance 


the other 
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infection, was much more scattered in 
its occurrence and may be assumed to 
have reflected accidents of distribution 
of the inoculum or of immediate host 
response as factors of greater weight 
than dosage in the tested range. These 
results seemed acceptable for the pur- 
poses of this study, and the rounded 
value, 0.1 ml of undiluted exudate, was 
taken as the LDsgo. The attempt was 
therefore made to match this inoculum 
as closely as possible with recombined 
cultures. The fact that 1/25 of the indi- 
cated inoculum could still be expected 
to yield typical fusospirochetal infection 
in 50% of inoculated animals seemed to 
provide a satisfactory margin of safety. 

The values given in the first column 
of table 3 represent corrected averages 
based on counts of the exudate used for 
the M.P. 


been corrected 


titration. Two values have 


mutually, those for 
‘‘vibrios’’ and for ‘‘gram-negative rods.”’ 
Curved gram-negative rods identified as 
vibrios in the stained slides were esti- 
mated as 80X10°® (per 0.1 ml), while 
were esti- 
the 


cul- 


other gram-negative rods 
mated as 440 10°. 
fact that the 


tures included 


To allow for 


“vibrio” group of 
straight as well as 
curved rods, one quarter of the second 
added arbitrarily to the 
first, giving the the table. 


It seems worthy of note that the tctal 


value was 


values in 


L.Ds50 of fusospirochetal exudate for the 


guinea pig as estimated is 


mately 8 X10° organisms. 


approxi- 
The remaining columns of table 3 
present the estimated numbers of each 
culture suspension in the recombined 
mixtures as they were inoculated into 
pigs. The 


into each animal was held at or below 1 


guinea volume inoculated 
ml, while the variations from group to 
group depended on the use of volumes 
of each suspension that were readily 
measurable with pipettes. 


The results in the inoculated animals 
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of organisms in the LD go of M.P. exudate and in the recombined 


culture mixtures as used for animal inoculation. 


LD» of 


exudate 


Volume, ml 


Strain 
TM13 


TM13b 
T'M13d 


Fusiform bacilli 


Vibrios 


Streptococci 


* straight rods 


bent rods 


are summarized in table 4. Four animals 
in group 1, and one animal in each of 
groups 2, 3 and 5, developed a localized 
$5 
at its peak, and containing 
all the 
morphological types, including motile 


abscess not greater than cm in 


diameter 
exudate in which inoculated 
spirochetes, could be demonstrated by 


darkfield 


either drained spontaneously 


examination. These lesions 
or were 
aspirated on the 5th to the 8th day after 
inoculation. None showed the necrosis 
} Resul f 


from the 


TABLI 
W.P 


exudate strain 


Experimer 


14 cultures 
in broth 
+ T+ + 

T =0 

T=0 


+0 
+0 


Key 


1umerous 


0, no respons + 0, minimal response, few or no 


no spirochetes +, moderate response with f 
spirochetal infectior 


guinea pig with the indicated response 


guinea pigs inoculated 


11 cultures 
in broth 


organisms found (nos 
ill flora including spirochetes; 
+++ +d, typical fatal spreading fusospirochetal infection 


Culture mixtures for experiments 
3 4 


1.0 0.6 
numbers X108 
480 480 
500 500 
$20 510 


1490 
220 


30 
40 
40 
50 


160 


750 
730 
690 


730 
710 


1050 680 


2170 2150 2120 


320 320 
10 10 
330 330 
260 260 


100 100 


or the foul odor typical of fusospiro- 
chetal infection. When transferred, the 
second animal showed a less marked 
reaction than the first. Spirochetes were 
not found in the exudates of any of the 
passage animals. 

While differences in animal response 
among the 5 experimental groups were 
small and may not be significant, the 
most marked response was observed in 
group 1, in which the inoculated mixture 
contained all 15 cultures suspended in 


with recombined mixtures of cultures derived 


of fusospiroc hetal infection. 


tal groups 


4 7 


Culture 
sediment 
controls 


10 cultures Exudate 
in broth controls 


T =0 + 
T =0 + 


+0 


pirochetes); +, moderate response, organisms 
++L, typical localized fuso- 


or T =0, transferred to a fresh 


T=+ 








broth. Substitution, in group 2, of fuso- 
spirochetal exudate filtrate as suspend- 
ing medium in place of broth did not 
enhance this response. Elimination from 
the mixture of the aerobic streptococcus 
the 


gram-negative nonmotile 


(group 3) of gram-positive and 
other 
than Fusobacterium (group 4) or of both 


aerobic 


bacilli 


streptococci and these bacilli 


(group 5) gave responses of slightly 


diminished intensity 
The M.P. 


exudate (group 6), incorporating an in- 


effects of inoculation of 
fective dose estimated to be equivalent 
in kind and in concentration to that of 
1 and 2, 


more marked than those observed in any 


groups were unmistakeably 
of the experimental groups. Three of 
these animals died on the 3rd, 5th and 
7th day, respectively, after inoculation, 
ill with the typical picture of a foul, 
necrotizing infection spreading widely 
through the subcutaneous tissues. The 
other three developed localized ab- 
scesses from 2.5 to 4 cm in diameter, 
which on aspiration yielded typical 
abundant fusospirochetal exudates. 


he 


showed slight swellings at the point of 


sediment controls (group 7) 
inoculation, persisting for a week as 
small indurated areas in three instances, 


but without abscess formation. 


DISCUSSION 


\nalysis of 
infection after passage through guinea 


pigs, 


a typical fusospirochetal 
both quantitatively in terms of 
infectivity and qualitatively in terms of 
the kinds of microorganisms suspended 
not been re- 
the 15 cul- 


tures obtained from passage exudates, 


in it, is known to have 


ported previously. Since 
when recombined in concentrations that 
seemed well within the limits of the in- 
failed to elicit 


such as were obtained with exudate it- 


fective dose, responses 


self, it is necessary to examine the data 
this 


for possible reasons underlying 


result 


T. Rosepury, A. R. CLARK, F. TERGIS, AND S. G. ENGEI 


Unlike the cultures used in the previ- 
ous study,' which were derived from 
several sources and have 


may repre- 


sented an unsuitable or incompatible 
mixture, those used in the present study 
were all 


infective 


obtained from strain of 
exudate. Mutual incompati- 
bility among the cultures would thus 
seem unlikely. While the 15 cultures 


seemed to embrace all the morphologi- 


one 


cal varieties of microorganisms observed 
in exudates by darkfield examination or 
in stained smears, the possibility is not 
excluded that one or more forms essen- 
ential for infectivity was not obtained 
in the cultures. If an infective factor 
present in whole exudate was missing 
from the culture mixtures, however, it 
is evident that sterile filtrate of exudate 
did not supply it, as is indicated by the 
results with group 2 (table 4). Findings 
in further studies with additional cul- 
the M.P. 
strain, and with sterile exudate filtrate 


tivable forms from exudate 
andsthe supernatant fluid from centri- 
fuged exudate, are given in the next 
report in this series.!° 

The data on infectivity of exudate in 
this report strengthen the view sug- 
gested previously! that the earlier fail- 
ure may have been due to insufficient 
spirochetes or other organisms in the 
culture mixtures. It unlikely, 
however, that a similar explanation can 


seems 
apply to the present experiments, in 
which the culture concentrations were 
the 25-fold 
variation 


well within range of per- 
indicated by the 
LDs5. and 


It is, of course, true that 


missible 


difference between exudate 
IDs0 values. 
these estimated values were based on 
total 


guish 


counts, which failed to distin- 


between viable and nonviable 
organisms, and that the proportion of 
nonviable forms may have been signifi- 


cantly higher in the cultures, in view of 
10. Rosebury, T., Clark, A. R., Macdonald, J 


B. and O'Connell, D. C. 1950, J. Infect 
Dis. 87: 234-248 
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the waiting period necessitated by the 
work of harvesting and counting the 
cultures. Data bearing on this question 
are also given in the next report.!® 
The related possibility of impaired 
the cultures incident to 
their manipulation can hardly be tested 


virulence of 


means for demon- 
strating the pathogenicity of individual 


in the absence of 


or combined cultures. The manipula- 
tion to which the cultures used in the 
present study were subjected, and the 
time required for it, were held to a 
minimum consistent with purity of the 
cultures and the need to obtain them 
in adequate concentration and amount. 
The effects of storage in solid carbon 
dioxide on the virulence of these organ- 
isms is not known, but it seems unlikely 


that such storage could have been more 


detrimental than any other means of 
holding cultures during the unavoid- 
able waiting intervals between isolation 
and their inoculation into the recombi- 
nation mediums. It may be noted that 
whole exudates withstand storage in 
dry ice well. Confirmation of this find- 
ing is indicated by comparison of the 
results obtained in this study with 
freshly thawed exudate (group 6, table 
4) and with fresh exudate of the same 
strain (table 1) 

Another 


study 


this 
the 
results was the larger volume used with 


condition applied in 


which may have influenced 


the culture mixtures (0.6 to 1 ml) as 
animal inoculum compared with inocu- 
lum of exudate (0.1 ml). Tests of this pos- 
sibility, and other studies with M.P. ex- 
udates and with cultures derived from 
them, are given in the subsequent re- 
port.' 


SUMMARY 


Subcutaneous inoculation into guinea 


pigs of graded amounts of each of 


two ‘‘strains’” of fresh fusospirochetal 
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exudate after repeated guinea pig pas- 
sage, using twofold dilution intervals, 
indicated that the LDso is slightly less 
than 0.1 ml of undiluted exudate, while 
the 1Dso0 is approximately 0.1 ml of 
a 1:25 dilution. The two strains showed 
Mi- 
croscopic counts of one of these exu- 
dates (strain M.P.) indicated that the 
LD; for the guinea pig 
approximately 810° microorganisms, 
made up as follows (all 10° 


good agreement in these values. 


contained 


spiro- 
chetes, 1.7; fusiform bacilli,0.23; vibrios, 
0.08 to 0.19; streptococci, 5.4;. gram- 
negative bacilli, 0.44 to 0.33; and gram- 
positive bacilli of at least two varieties, 
0.24. 

Aerobic blood agar cultures of M.P. 
exudate revealed only a greening strep- 
tococcus. This organism and 14 anaero- 
the 
micro- 
scopically were isolated from M.P. exu- 


bic forms apparently embracing 


morphological varieties seen 
dates and preserved by storage in solid 
carbon dioxide. Mass cultures of the 15 
strains, prepared after minimal subcul- 
turing, were recombined and inoculated 
subcutaneously into guinea pigs, so 
that each animal received in a volume 
of 0.6 to 1 ml the 


organism corresponding roughly to the 


numbers of each 


LDs. as estimated for exudate. Five 
groups of guinea pigs received mixtures 
containing from 10 to all 15 of the cul- 
tures. These mixtures vielded small, non- 
transmissible abscesses, some of which 
seemed to contain the full flora, but none 
was a typical fusospirochetal response. 
Che use of sterile filtrate of fusospiro- 
chetal exudate as suspending medium 
for one of the mixtures of 15 cultures did 
not enhance its infectivity. A control 
group of guinea pigs inoculated with 
0.1 ml of 


solid carbon dioxide storage yielded 3 


M.P. exudate thawed after 


specific deaths and 6 specific infections 
out of 6 animals. 
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FURTHER STUDIES OF A GUINEA PIG PASSAGE STRAIN OF 
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SPIROCHETAL INFECTION, INCLUDING THE INFECTIVITY OF 
STERILE EXUDATE FILTRATES, OF MIXED CULTURES 
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In two previous reports! it was noted 
that fusospirochetal infection, although 
regularly transmissible by passage of 
exudate through guinea pigs, could not 
be reproduced with cultures derived 
either from such exudates or from gingi- 
val and periodontal lesions in man that 
serve as sources of the guinea pig disease. 
In the second of these papers? the infec- 


tivity of two guinea pig “‘strains’’ of 
this passage infection was determined 
by animal titration, and the numbers 
of microorganisms in the LDs5o of one of 
them estimated by differential micro- 
scopic counts. Cultures made from this 
strain yielded 15 apparently distinct 
microorganisins, including spirochetes, 
fusiform bacilli, vibrios, streptococci, and 
both gram-positive and gram-negative 
nonmotile bacilli, all growing only under 
anaerobic for one 
Re- 
combination of these cultures in num- 


conditions except 


strain, a greening streptococcus. 


bers roughly equivalent to those esti- 
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mated in the LD so of exudate elicited in 
guinea pigs nontransmissible lesions 
which fell of the 
typical fusospirochetal pattern. Among 
the possible reasons for this finding were 
loss of virulence or viability, or both, 
during the period of manipulation of the 


short reproducing 


cultures, the greater volume of the re- 
combined culture inoculum for guinea 
pigs (0.6 to 1 ml) as compared with that 
of exudate (0.1 ml), and the possibility 
that one or more essential infective fac- 
tors were missing from the recombined 
mixtures. 

In the present study attempts have 
been made to throw further light on 
these questions. The stability of whole 
exudate on standing has been examined, 
as has the effect on infectivity of increas- 
ing volumes of animal inoculum; and 
experiments are presented on the infec- 
tivity of sterile filtrates of exudate and 
of the supernatant fluid from centri- 
fuged exudate. In addition, this report 
presents a study of the infectivity for 
guinea pigs of mixed cultures prepared 
by inoculating whole filtrate into spiro- 
chete plates* or as spot cuitures on 
anaerobic blood agar plates. Similar 
experiments, apparently involving only 
one culture generation, have been re- 


ported by Hemmens and_ Harrison.! 


3. Rosebury, T., Macdonald, J 
A. and Engel, S. G. Oral Sur 
Oral Path. In press 

S. and Harri 

70: 131. 


B., Ellison, S. 
g., Oral Med. & 
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1942, 
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34 
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Since such cultures were found to be in- 
fective, they were transferred serially, 
with guinea pig inoculation at each step. 
Additional individual cultures 
derived from these mixtures, combined 
with the previous group of strains,’ 


were 


screened to eliminate replicates, and 
recombined in a further effort to recon- 
stitute infective mixed cultures. 

These experiments were all conducted 
with the single exudate strain M.P., 
derived originally as gingival scrapings 
from a case of acute Vincent’s gingivitis 
and maintained bysubcutaneous passage 
through guinea pigs and by storage of 
exudates in solid carbon dioxide. 


EXPERIMENTAL 


1. Effects of storage of exudate and of 
volume of inoculum 


Procedure.—Exudate from 3 guinea pig of 
the 11th passage was thawed after removal from 
dry ice, pooled, and 0.1 ml inoculated sub- 
cutaneously into each of 4 guinea pigs. The 
pooled exudate was then divided into 4 portions, 
3 of 
Wassermann tubes in the dark, in the refrigerator 
(4 C), at room temperature (18 to 24 C) and in 


the incubator (37 C), respectively. After 1 hour, 


which were placed in cotton-stoppered 


6 hours and 24 hours, each of the 3 samples of 
exudate was again inoculated into 4 guinea pigs, 
using 0.1 ml by the subcutaneous route. 

The 4th portion of the same exudate pool was 
1:4, 1:8 and 1:16 
dilutions in extract broth. Along with 4 ad- 
ditional control guinea pigs, each of which re- 
ceived 0.1 


ously, 


used for preparation of 1:2, 


ml of undiluted exudate subcutane- 
into 4 
guinea pigs for each, using volumes, correspond- 
ing to the dilutions as given, of 0.2, 0.4,0.8 and 


these dilutions were inoculated 


1.6 ml, so that all 20 guinea pigs received the 
same amount of exudate. 

The guinea pigs in both series were examined 
over a period of 7 days. Oa the 4th or 5th day 
after inoculation one guinea pig of each group 
in both series, selected as having a suitable 
lesion, was used for aspiration and passage to 2 
fresh guinea pigs (in one instance 4 passage 
animals were used). The passage animals were 
again examined over a 7-day period. 


5. Roseburv, T. and Frances, S. Oral Surg 
Med. & Oral Path. In press 
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Results—Darkfield examination of 
the stored exudates showed some de- 
pression of spirochetal motility after 6 
hours at both 4 and 37 C, but not at 
room temperature. After 24 hours, the 
great majority of spirochetes in all 3 
specimens had become inactive. A few 
were sluggishly motile in the room tem- 
perature specimen, while in the other 
two tubes the few motile forms present 
were still vigorously active. Motility of 
vibrios was not noticeably impaired in 
any of the samples except the 24-hour 
sample at 4 C, in which, however, a few 
of these forms were still active. 

Results obtained in inoculated guinea 
pigs are summarized in tables 1 and 2. 
In these and subsequent experiments 
this report, a 
grading 
lesions has been used, as indicated in the 
key under table 1. This may be ampli- 
fied as follows: the + 


presented in uniform 


scheme for fusospirochetal 


lesion was an 
abscess less than 1 cm in diameter, or a 
nonfluctuating swelling or induration. 
Fluid was palpable in all the larger 
lesions: +, a localized abscess 1 to 1.5 
cm in diameter; ++ , a larger similar 
still TTT, a 


lesion with fluctuating extension pal- 


lesion, well localized; 
pable for at least 3 cm, tending to pro- 
gress slowly or remain stationary, the 
animal surviving the 

TT TT; 2 


more marked and progressive extension, 


experimental 
period; and lesion with 
fatal within the experimental period. 

It will be seen (table 1) that storage 
of exudate for 6 hours at the 3 tempera- 
tures did not seem to impair its infec- 
tivity, since both original and passage 
animals compared favorably with the 
controls. The same appears to be true 
of the samples held for 24 hours in the 


refrigerator and at room temperature. 
In the 24-hour, 37 C 
decrease of doubtful significance is indi- 
cated by the findings. 

It is apparent from the data in table 2 


sample a slight 
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TABLE 1.—Infectivity of fusospirochetal exudate for guinea pigs after standing for 
different intervals at different temperatures. 





Stored 


Temperature 


4c 


Fresh exudate 


Exudate series M.P.; inoculum 0.1 ml, subcutaneous 


Notations for individual animals are separated by commas 


+ very smal] local lesion 
. moderate local lesion 

+ large local lesion 

++, spreading cellulitis, not fatal in 7 days 

+ ++, spreading cellulitis, fatal in 7 days or less 
. udate transferred on the 4th day after inoculation 
t xudate transferred on the 5th day after inoculation 

TI 

> 


+ 
+ 
+ 
+ 

ox 


Ori inal animals 


Responses of g .inea pigs 


-assage animals (from*) 


This animal died of intercurrent infection on the 2nd day after inoculation, showing little fusospirochetal response 


rABLE 2. 


Volume of 


inoculun 
1oculum Ori,inal animals 


ml 
0 
0 
0 
0 
1.6 


udate series M.P. Allin 


ns subcutaneous 


culums cx 
key, see table 1 

that within the 

limits tested did not alter the response 


volume of inoculum 


in inoculated guinea pigs. 


2. Infectivity of centrifuged and 


filtered exudate 
Pr cedure 


the 12th passage was thawed after removal from 


Exudate from 3 guinea pigs of 
dry ice 


The 


refrigeration at 


pooled, and 1 ml of the pool removed 


remainder (11 ml) was centrifuged under 


1800 r.p.m. and the sediment 


discarded. Two ml of the clear supernatant fluid 


was removed and the 


remainder (4 ml) was 
itive pressure through a Berke- 


feld N into a 


cracked ice Ar 


passed under neg 


container surrounded by 


inoculations were made 


immediately. Of ti juot of untreated exudate, 
0.1 ml was 


ot 4 


supernatant 


inoc subcutaneously 


into each 
unfiltered 
treated as follows: 0.2 
each of 
ts were inoculated on the 
0.05 ml 


guinea pigs th filtered and 


fluids were 


ml was injected subcutaneously into 


? rabl 


4 guinea pigs; 2 ral 


scarified cornea with approximately 


ntained 0.1 ml of wh« 


Effect of volume of inoculum on infectivity of fusospirochetal exudate for guinea pigs. 


Responses of guinea pigs 


> animals 
+- + + 
+++ 
oe 
+ + 
de of 


4 


e exudate diluted with extract broth to the indicated volumes, 


and 0.1 mf, respectively; and 7 mice were inocu- 


lated intracerebrally with 0.03 ml 


Results —Darkfield examination of 
the whole exudate showed it to be typi- 
cal. The unfiltered supernatant showed 
widely other 
A sheep blood agar 


scattered fusiform and 
bacilli and cocci. 
plate streaked with filtered supernatant 
was sterile after 5 days anaerobically at 
a7. «.. 

The 4 control guinea pigs inoculated 
with whole showed 


exudate typical 


responses, one +++ and 3 +++4+4. 
The guinea pigs, rabbits and mice that 
received filtered or unfiltered superna- 
tant fluid remained free from symptoms 
during observation periods of 8, 10 and 
14 days, respectively. On the 6th day 
after inoculation blind passage by intra- 


cerebral inoculation of the supernatant 
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fluid from suspensions of mouse brain, 
prepared from both groups of inoculated 
mice by grinding the brains in Simms’ 
salt solution,® again elicit 
signs of illness during 10 days’ observa- 
tion. Attempts by 


failed to 


methods to 
demonstrate a virus or other infective 
agent apart from the bacteria in the 
exudates thus resulted negatively. 


these 


3. Infectivity of mixed cultures 
sets of serial cultures of 
M.P. exudate were prepared in the following way. 


Procedure.—-Two 
In one set, 3 small deep plates of Proske-Sayers’ 
AFK medium‘ as used for primary cultivation 
of spirochetes were inoculated with one drop in 
the well or by stab, or by both drop and stab. 
In the second set, 3 sheep blood agar plates 
were inoculated with 6 or 8 separated drops 
“spots’’), which were allowed to dry without 
being spread before the plates were inverted. 
Che initial plates were inoculated with M.P. 
exudate after 12 guinea pig passages; for subse- 
quent plates the inoculum was the culture sus- 
animal inoculation, as de- 


pension used for 


scribed below. All cultures were incubated at 
37 C for 5 days in Brewer jars made anaerobic 
--weth hydrogen and containing 59% carbon dioxide. 
After incubation one plate of each set was se- 
lected and a suspension of the growth prepared 
in extract broth. The agar from the AFK plates, 
including all bacterial growth in the well and the 
spirochete haze to its periphery, was scooped out 
aseptically with a small spatula and suspended 
in 2.5 ml of broth with the aid of a glass tissue 
grinder. Five spots from one blood plate, in- 
cluding about one-half the thickness of the under- 
lying agar, were suspended in 2.5 ml of broth in 
the same way. After darkfield examination of the 
suspensions, each was inoculated subcutaneously 
into 2 guinea pigs, using 1 ml as inoculum. Exu- 
date from 1 guinea pig of each pair was trans- 
ferred to 2 fresh guinea pigs on the 4th, 5th or 
6th day after inoculation, using 0.1 ml sub- 
cutaneously. All guinea pigs were examined daily 
for 7 days. Ten serial cultures were prepared in 
each medium at 5-day intervals 


Results .- the 10 
transfers the cultures in both mediums 


Throughout serial 


maintained a characteristic appearance 


6. Simms, H. S. 
Path. 33: 619 
7. Proske, H. O. and Sayers, R. R 
Pub. Health Rep. 49: 839, 1212 
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with little variation. In the AFK plates 
the picture was typical of primary spiro- 
chete cultures, with bacterial growth 
limited to the well and stab, and spiro- 
chetes growing as a haze in the surround- 
ing agar.* On the blood plate the cul- 
ture appeared as a round spot of yellow- 
ish, rough, flat, mixed surface growth 
with a peripheral raised border of the 
same character, surrounded by one or 
more peripheral fringes of whitish or 
colorless translucent 
growth. Beyond this was an outermost 
ring of partial hemolysis. Differential 
sampling and darkfield examination of 


effuse surface 


these zones showed that the center con- 
tained mixed growth, including spiro- 
chetes, vibrios and fusiform bacilli, with 
cocci predominating; the raised border 
of the spot had a similar composition, 
with fewer spirochetes and more abun- 
dant cocci; a rough, white, lobate fringe 
next beyond consisted mainly of fusi- 
form bacilli, with other forms present 
but cocci not numerous; a more periph- 
eral, finely stippled, rough, translucent 
fringe contained fusiform rods, motile 
rods and vibrios, with some spirochetes 
the 
layer of surface growth, very finely 
stippled, 


but no cocci; while outermost 


effuse and transparent in 
appearance, when sampled carefully to 
avoid the underlying agar, consisted 
mainly of motile small vibrios. The 
underlying agar in this area contained 
spirochetes, and in the partially hemo- 
lytic zone beyond the surface growth, 
spirochetes were found free from bac- 
teria. 

The suspensions prepared from the 
two sets of cultures, when examined 
by darkfield illumination, showed con- 
sistent differences from one another, 
and both were different in appearance 
from the typical darkfield picture of 
fusospirochetal exudates. Cocci ap- 
peared to be relatively more numerous 
in both types of culture suspensions than 
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in exudates, and numerous in 
blood agar than in AFK cultures. As 
compared exudates, there ap- 
peared to be a relative increase in the 


\FK cultures of small fusiform bacilli 


more 


with 


and motile vibrios, and in the blood 


cultures of large motile spirilla. In 
both types of culture large fusiform 
rods and long filaments were prominent. 
both 


types, but relatively less active than in 


Spirochetes were numerous in 


exudates. In general a higher proportion 
of these forms was motile in the blood 
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with passage exudate. An apparent dim 

inution of infectivity was observed with 
animals of the 4th blood culture gener- 
ation and of the 5th and 6th AFK cul- 
ture generations. The results obtained 
with subsequent AF K cultures, in which 
full infectivity seemed to be regained, 
indicated that this was a chance phe- 
nomenon. In the blood culture series the 
results with later generations were 
somewhat irregular, and may indicate a 
significant loss of infectivity. Whereas 
fatal (++++) fusospirochetal infec- 


Infectivity for guinea pigs of ten serial mixed cultures initiated 


with whole fusospirochetal exudate, series M.P 


Cultures in AFK spirochete plates 


iginal animals 


TT. 


+t 


+ 


~ + 


Pr4+44 44+4+++-+4 
+4 44 4 + +--+ 
++ + + $+ +e 
. 

+ 


+ 
7 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Inoculum 


Passage animals (from*) 


Spot cultures on anaerobic blood agar plates 


Original animals Passage animals (from* 


a TTT 
++ +,* ++ ; +++ 
+ * + 
* 


om 


4 + + 4-4+4++4+F 


+,/ 


i ml of a suspension of mixed culture with agar in extract broth, subcutaneously. 


Notations for lesions in animals follow the key given under tabie 1 


§ The volume of cult 
evacuated and drained on the 6th day, precluding passage 
I 


ire suspension available in this instance was sufficient for inoculation of only one animal 


The lesion 


n both animals, draining of the lesion on the 6th day precluded passage 


agar suspensions than in those prepared 
from AFK plates. 

The results obtained in guinea pigs 
inoculated with these culture suspen- 


table 3. The 


recording scheme is the same as that 


sions are summarized in 


used in the previous experiments in this 
report. The lesions that followed inocu- 
lation of 1 ml of culture suspension were 
n general fully equivalent in degree and 
in kind to those produced with 0.1 ml of 
passage exudate, and transfer of exudate 
from the culture-inoculated animals 
vielded typical fusospirochetal respon- 
ses with few exceptions. Exudates from 
both primary and passage animals, 
when examined under darkfield illumi- 
nation, showed a picture indistinguish- 
that of animals inoculated 


ible trom 


the 
AFK series, either in the culture-inocu- 


tions were produced throughout 
lated animals or in the passage animals, 
no fatalities appeared in the blood cul- 
ture series beyond the second culture 
generation. It is nevertheless not clear 
that the guinea pigs inoculated with 
10th generation blood culture suspen- 
sions were less affected than the pri- 
mary animals of the 2nd or 3rd genera- 
tions. Unfortunately, the lesions in both 
10th generation animals had begun to 
drain before passage was attempted. 
Draining lesions have been avoided for 
passage because of changes in the exu- 
date flora associated with healing, and 
the possibility of introducing extrane- 
ous microorganisms into the passage 
flora. 
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4. Isolation and study of additional 
pure cultures 


Procedure.—From one of the AFK plates of 
the first mixed culture generation, two bac- 
teria-free cultures of spirochetes were grown 
in Noguchi tube cultures of the AFK medium. 
These were designated MPAI (from an inner 
growth haze) and MPAO (from an outer haze), 
respectively. They are described further in 
another report.’ 

Portions of the mixed culture suspensions in 
the 3rd, 5th and 6th culture generations, in beth 
blood agar and AFK series, were subcultured as 
follows. Each suspension was streaked serially on 
2 sheep blood agar plates! and on 2 plates of the 
Proske-Sayers’ medium as used for spirochetes,’ 
but without fresh tissue (AF). A third blood 
plate was streaked separately, as were 2 plates 
of the AF medium to which 0.003% of gentian 
violet had been added. All plates were incubated 
in anaerobic jars with hydrogen and 5% carbon 
dioxide at 37 C. One of each pair of plates was 
examined and subcultured after 3 days’ incuba- 
tion, the other after 5 days. The extra blood 
plate was incubated for 8 days. Selected colonies, 
identified as to colony form and by means of 
gram-stained and darkfield preparations, were 
isolated in broth either directly or after restreak- 
ing on sheep blood agar. The broth mediums used 
were Bacto Brewer thioglycollate medium (No. 
B36, here designated BX), or variants of this 
medium, all prepared without agar, centaining 
no additions (BF), 0.1% cysteine hydrochloride 
BFC), and 0.1% cysteine hydrochyoride plus 
10% ascitic fluid (BFCAF). 

rhirty-nine pure cultures of bacterial forms 
other than spirochetes were isolated by these 
means, and their first pure subculture stored in 
solid carbon dioxide. Since it was apparent that 
these included replicates both of the 21 strains 
previously isolated from M.P. exudates? and 
within the new group, although distinctive forms 
were evidently present as well, all 60 cultures 
were screened by means of a series of morphologi- 
cal and biochemical tests. Streaked sheep blood 
agar plates were incubated aerobically to test 
for aerobic growth. Anaerobic cultures were 
prepared on sheep blood agar, in BX broth, in 
the sugar-free B.B.L. thioglycollate broth (No. 
136, here designated BBL), and in the BBL 
broth with the addition, respectively, of 1% of 
dextrose, sucrose and mannite. Shake tube cul- 
tures were prepared in the BX medium con- 
taining 1% agar, and in a medium consisting of 
equal parts of (a) Bacto veal infusion with 1% 
agar and (b) peptone iron agar. The shake cul- 
tures were incubated aerobically. All inoculations 


were made by capillary pipette, using 1 to 10 
drops, depending on the turbidity of the seed 
culture. The cultures were incubated at 37 C for 
the following periods: streptococci, 3 days; fusi- 
form rods and nonmotile gram-positive or gram- 
negative rods, 4 days; and motile rods and vibrios, 
5 days. Colony form was studied on the blood 
agar cultures, and both gram stains and dark- 
field preparations were made from the colonies 
and from the BX broth cultures. The latter 
were also used for indol tests. The four BBL 
mediums were tested for pH with a glass elec- 
trode potentiometer. The BX agar shake cul- 
tures were observed for characteristic appearance 
of growth and gas production, and the veal 
infusion-peptone iron agar shake cultures for 
hydrogen sulfide production 

Of the 60 cultures thus tested, 7 were elimi- 
nated (all non-motile rods), 5 of these having 
failed to grow in any of the test mediums and 
2 having been contaminated. Comparison of the 
data for the remaining 53 cultures indicated 
that 24 more could be eliminated as replicates, 
leaving 29 cultures that seemed distinctive in 
one or more of their characteristics. This group 
was rechecked by the morphological and _ bio- 
chemical tests previously used, and was tested in 
addition for reduction of nitrate, production of 
ammonia and formation of urease, using BBL 
medium with appropriate modifications. For re- 
duction of nitrate, sodium nitrate was added 
to a final concentration of 0.1%. After adequate 
incubation the presence of nitrite was determined 
by suitable adaptation of the method of Bratton 
and Marshall.* Ammonia production was de- 
termined by making the culture alkaline with 
sodium hydroxide and warming with a strip of 
moist phenol red paper suspended in the tube. A 
prompt intense color change was interpreted as 
a positive test. The urease test was performed 
by adding urea to a concentration of 0.2% after 
maximal growth, incubating 5 additional hours 
at 37 C and testing for ammonia with phenol 
red paper but without alkalinization. It was 
previously determined that this procedure could 
detect 2X 10~* g of urease (from Jack bean meal) 
in 10 ml of medium. Blanks on sterile medium 
were performed for all tests 


Results —Of the 5 cultures of spiro- 
chetes isolated from the M.P. exudate 
strain, the two newer cultures, MPAO 


and MPAI, were presumed to duplicate 
the three others. In fact, since MPAIT, 


8. Bratton, A. C. and Marshall, E. K., Jr. 
1939, J. Biol. Chem. 128: 537 
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having been derived from the inner haze 
in an AFK spirochete plate, was re- 
MPAO, which 
came from the outer haze on the san 


garded as_ including 
plate, the former may have include 

the M.P. spirochetes. In the abse, 
means sufficiently refined to test i hese 
hypotheses it is not known whethe: all 
the separated cultures were or were not 
variants of a single species. 

Identifying data for the remaining 29 
cultures are given in table 4, in which 5 
morphological groups are recognized: 
(a) fusiform rods; (b) motile rods; (c) 
nonmotile gram-negative rods; (d) non- 
motile gram-positive rods; and (e) strep- 
tococci. 

Of the fusiform rods, the first 4 cul- 
tures listed in table 4 (F39a, 44, F54 
and F55) may be identical, since they 
showed only minor morphological and 
small quantitative biochemical differ- 
ences. These strains correspond in their 
the 
of Bée.* Strain F48 may also belong in 
but 


characteristics with Fusobacterium 


this group was morphologically 
atypical and failed in both trials to 


BX shake 


Strains F41 and F47 seemed distinctive. 


produce gas in cultures. 
In comparison with the other fusiform 
rods, these two strains were distinctly 
poorer growers, and neither fermented 
dextrose nor formed indol. The differ- 
ence between the two was principally 
morphological, and they may have 
represented rough and smooth variants 
noted 


of the same spec ies. It may be 


that all 7 of these cultures were gram- 
negative, and none was motile 

Che motile rods seem to fall into 3 dis- 
tinct groups. Strain VB7a appeared to 
form a class apart. As noted previously? 
this culture was derived from an AFK 
Spiro hete plate and, alone among the 


M.P. cultures other than spirochetes, 


9. Bée, J. 1941, Norske 
I Oslo I. Mat.-Naturv 


Videnskaps-Akademi 
Klasse, No. 9 
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failed consistently to grow on the sur- 
face of solid media either aerobically or 
anaerobically. Its motility was distinc- 
tively that of the vibrios of exudates: 
active and ‘‘tumbling,”’ i.e., showing 
erratic rotation around the short axis. 
As shown in table 4, it grew moderately 
well in fluid mediums and formed acid 
from and 
average terminal pH of 5.2 in the former. 
It did not form indol or hydrogen sulfide. 


dextrose sucrose with an 


Growth occurred in the sugar-free BBL 
medium in the first trial but not in the 
second; hence the tests for reduction of 
nitrate and for 
production 


ammonia and urease 

The 
second group of motile rods comprised 
strains VB9, VB11 and B22. These were 


small gram-negative rods, with distinc- 


were unsuccessful. 


tive but perhaps minor morphological 
the 
Their motility was more sluggish than 
that of strain VB7a and did not show 


differences among three cultures. 


tumbling. Biochemically they were con- 
None formed 
irdol or hydrogen sulfide, and all pro- 
duced 


sistent nonfermenters. 


Strain 
VB10 may correspond with the Spiril- 


ammonia and_ urease. 
lum sputigenum of Miller.'® It is a dis- 
tinctly larger form than the others, with 
a marked tendency to form thick spirals 
as well as comma-shaped elements. It 
grew more abundantly than the smaller 
forms, fermented manrite as well as dex- 
trose and sucrose, produced ammonia 
and gave a weak urease reaction. 

The 


showed 


nonmotile gram-negative rods 


among themselves differences 
that were principally morphological and 
quantitative. They differed in cell mor- 
phology and in colony form, and two of 
them (B23 and B28) produced greening 
of blood agar after exposure of anaerobic 
plates to air. This group may intergrade 
with the nonmotile gram-positive rods, 
10. Miller, W. D. 1890, The Microorganisms of 


the Human Mouth, Philadelphia, S. S. White 
Co 
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several oi which retained the gram 
stain weakly or irregularly. Strain R39, 
in fact, was recorded as gram-positive 
B29 


was placed originally in the gram-nega- 


when first isolated, while strain 
tive group. These reactions were found 
to be reversed for the 2 strains in the 
screening tests. A culture interval of less 
than 4 days might have given different 
results. It may be noted from the data 
in table 4 that strains R39 and R26 were 
identical in all but two characteristics, 
gram reaction and urease production. 
Che nonmotile gram-positive rods, at all 
events, appear to be rather heterogene- 
ous. The first 5 strains listed (R26, R27, 
£29, R43 and B29 
another and also to the group of gram- 


were similar to one 


negative rods. The remaining 3 strains 
all showed more vigorous growth. Strain 


R28, described previously,® is distinc- 
tive both morphologically, producing 
characteristically bent but unbranched 
rods, and biochemically, being a weak 
fermenter of dextrose only. Strains R40 
and R41 were both strong acid producers 
the latter 
mannite as well. The two differed from 


from dextrose, fermenting 
one another and from the other members 
of the group with respect to production 
of indol, hydrogen sulfide, ammonia 
and urease and in reduction of nitrate. 
\mong the streptococci, strain S24 was 
a typical @ streptococcus, and was the 
the 


grow aerobically on blood agar plates. 


only member of entire group to 
Its reactions appear to place it in the 
Streptococcus mitis group of Sherman, 
Niven Smiley."' The other 3 
strains were anaerobic. Strain S26 was 


distinctive in showing larger cells than 


and 


the others, in fermenting all 3 test car- 
bohvydrates, and in giving negative re- 
sults with the other biochemical tests. 
Strains $27 Vii have been 


and may 


11. Sherman, ]. M 
K. L. 1943, J 


Niven, C. F. and Smiley 
Bact. 45: 249 
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identical, being similar in morphology, 


nonfermentive, producing hydrogen sul- 


fide, ammonia and urease. 


5. Pathogeuctty ef recombines culture 
mixtures 


Procedure.—The individual strains were trans- 


ferred from dry ice as pure cultures according 
to a prearranged schedule so that seed cultures 
became available on a single day. Cultures of 
spirochetes were transferred twice in deep tubes 
of AFK medium in duplicate, incubated 6 and 
3 days, respectively, at 37 C. The other cultures 
were transferred only once to yield seed cultures. 
They were divided into three groups based on 
incubation time at 37 C: (a) the 4 streptecoccus 
cultures, 3 rods and 
strains R29, B23 and F41, 5 days; and (c) the 


17 remaining cultures, 4 days 


days; (b) the 5 motile 

The 29 cultures 
were all inoculated in duplicate into BX and 
BF broths, using 8 to 10 drops of inoculum, and 
These 


also 


on blood agar slants, using 1 or 2 drops 


were incubated anaerobically. All 
blood agar plates and incubated 


aerobically. The aerobic cultures, 


were 
streaked on 
examined a 
day earlier than their anaerobic counterparts, 
were all negative, including strain $24, which 
grew heavily under anaerobic conditions 

lable 5 indicates the composition of the 12 
included all 
34 cultures. In groups A2 to A6, the grouping 
was 


recombination groups. Group Al 


based on omission of the aerobic strep 
tococcus, $24 
(A3), the nonmotile gram-negative 
(A4), both latter groups \5) 
motile rods other than fusiforms together with 
A6). It may be noted 


at this time strain R26 was classed among 


\2), the nonmotile gram-positive 
rods rods 


and all the non 


the aerobic streptococcus 
that 
the gram-negative rods. In the groups B1 to 
B6, a similar order was based on 17 strains that 
appeared to comprise the more distinctive cul 
tures. As indicated at the bottom of table 5, the 
12 mixtures thus included from $ to all 34 cul 
tures. 

On the day of harvesting of the seed « ultures 
the spirochete strains were emulsified in extract 
broth in glass tissue grinders, using a pool of all 
5 strains for the A series of recombination groups 
Of the remaining strains, that culture in one of 
the three mediums which showed most abundant 
growth was selected as seed. All cultures grew 

train F41, which 


growth and grew 


well in at least one tube except 
showed 


blood agar slants rhe selected 


scanty best on the 


broth cultures 


were concentrated by centrifugation. Twelve 


mixtures were prepared to contain the cultures 
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Culture 


F4l 
VBia 
VB9 
VBi1 
B22 
VBi0 
B21 
B23 
B28 
B30 
R29 
R26 
R27 
R29 
R43 
B29 
R28 
R41 
R40 


$24 
526 
$27 
Vil 


Totals 


other than spirochetes as listed in table 5 by 
pooling 1 drop by capillary pipette from the BX 
culture sediments or from the lighter BF sedi- 
ments or slants, or one 2.5 mm loopful of the 
heavier BF sediments or slants, using either the 
surface growth or the water of condensation of 
the slants. 

Mixed cultures were then prepared in an effort 
to duplicate those inoculated with whole M.P. 
exudate, as described earlier in this paper. AFK 
spirochete plates and blood agar plates were 
inoculated in triplicate with each recombination 
mixture except for group Al, in which 6 plates 
of each kind were used. The AFK plates were 
inoculated first with a drop of spirochete emulsion 
in the well, followed by a drop of appropriate 
bacterial mixture, using capillary pipettes. A 
was then made with a sterilized needle 
through the base of the well, short of the floor of 


stab 


the plate. The blood plates were inoculated as 
spot cultures with a drop of spirochete emulsion, 
followed in the same spots with a drop of bac- 
terial mixture for each. Each plate received 8 
such spot inoculums. The plates were incubated 
anaerobically for 5 days at 37 C and studied by 


the method given above for mixed cultures pre- 


Culture combination group 


INFECTION 


2 5.—Culture combinations as prepared for inoculation of guinea pigs. 


A6 Bl B2 


pared with whole exudate, including the prepara- 
tion of culture emulsions, the inoculation of 
guinea pigs, and the transfer of emulsions to 
fresh medium. Agar scooped from AFK plates, 
or 5 spots from one blood plate, were emulsified 
in 2.5 ml of extract broth. Two plates of each 
kind were used for group Al, and 4 guinea pigs 
inoculated with each emulsion. One plate of each 
was used for the other groups, and each emulsion 
inoculated into 2 guinea pigs. The guinea pig 
inoculum was 1 ml subcutaneously. Two or 3 
successive subcultures were prepared in each 
instance, but only the first subculture was tested 
in guinea pigs. All promising guinea pig exudates 
were transferred to fresh guinea pigs, using 0.1 
to 0.5 ml of exudate subcutaneously 


Results. 


tures in both mediums showed typical 


The first set of mixed cul- 


mixed bacterial growth but little or no 
evidence of spirochetal outgrowths. 
Both grossly and in darkfield prepara- 
ations, the B series showed slightly 
greater growth of spirochetes than the 


A series, and the AFK plates were supe- 
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rior in this respect to the blood plates. 
Vibrios or other motile rods were not 
seen in any of the emulsions. The second 
set of mixed cultures, inoculated with 
emulsions of the first, yielded distinctly 
more abundant growth of spirochetes 
both grossly and microscopically in 17 
of the 24 recombination groups. In 6 of 
these (AFK cultures from AFK emul- 
B2 B3; blood 


from emulsions, 


and 
AFK 


groups Al, A2; and blood agar culture 


sions, groups A6, 


agar cultures 
from blood agar emulsion, group A2), 
the appearance of the cultures closely 
resembled the mixed cultures prepared 
with exudate. Under the darkfield micro- 
scope emulsions of these 6 cultures re- 
vealed an apparently complete flora, but 
spiro hetes and1 bacilli and vibrios 
were distinctly less numerous than in 
exudates or exudate cultures. A third set 
of cultures inoculated from the second 
proved generally poorer than its prede- 
cessor in spirochetes and vibrios; and a 
fourth set, inoculated from the third, 
gave similar or still poorer yields. 
Guinea pigs inoculated with emul- 
sions from the first two sets of cultures, 
that 


exudates from the primary guinea pigs, 


and animals received 


passage 


in many instances showed lesions more 


nearly approximating the characteristic 


fusospirochetal response than any previ- 


these studies with 
but 


completely characteristic. 


ously inoculated in 


recombined cultures;! none was 
Large (++) 
lesions appeared in 5 of the recombina- 
tion groups [ A2, A3, A6, B1, B3), and 
spreading but nonfatal (+++) lesions 
were found 43, AS, Bi, B2, B3, 
B5). There were no fatal lesions. Exu- 


dates aspirated from these lesions were 


in 6 


obviously less abundant than in typical 
fusospirochetal lesions and were eithet 
the 


present being faint and atypical 


when 
| he 


responses in animals inoculated from the 


odorless or nearly, so, odor 


second set of cultures were only slightly 
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superior to those of the first set, while 
passage animals in both sets responded 
on the whole less characteristically than 
those that received culture emulsions. 
Darkfield examination of the exudates 
revealed few or no spirochetes in most 
instances. Motile vibrics appeared, ac- 
companied by more abundant spiro- 
chetes, in only one group, B4, in both 
animals inoculated with the second set 
of blood agar cultures. These exudate 
findings were associated with very small 
local abscesses. On passage these exu- 
dates gave diminished responses. 

The results are summarized in table 
6, which presents comparative darkfield 
findings for the individual cultures and 
both gross and darkfield findings for 
individual primary and passage animals. 
Examination of the data shows no ap- 
parent relationship between the char- 
acter of the findings and the particular 
culture combination used. No parallel- 
A and the 
corresponding B groups, except perhaps 
in A2 and B2. 
AFK blood 


sec ond 


ism is evident between the 
The former with both 
the 
consistent 
group B2 
AFK set) appeared the only animal to 


and agar cultures of 


set, gave the most 


responses, while in (second 


show a large spreading lesion with 
fairly abundant spirochetes. It may be 
noted that in these two groups the prin- 
cipal culture omitted from the combina- 
the 


strain $24. Comparison of the data for 


tion was aerobic streptococcus, 
groups B4 and B5 exemplifies the appar- 
ently random character of the findings. 
Darkfield findings in both cultures and 
animal B4 


among the most nearly typical of fuso- 


exudates in group were 


spirochetal infection; but these were 


associated with only small or moderate 
lesions. In group B5, two animals of the 
blood agar series showed large spread- 
ing lesions, but no spirochetes were 
found in their exudates. The two groups 
differed only in that the B4 culture 
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TABLE 6.—Results of inoculation of recombined cultures into guinea pigs. 
J _ A 


Serial st italien: endliaet ‘whi Serial 
cultures ‘ + Guinea pig cultures 


B series, guit 





AFK(0) +(+); +(+); +(0); +(0) 
B( ++) + (0); + (0) 


(0O)T =+(—); +(0); +(0); 


* Jie R Sa “ 
ST ea eae eee 


wa 


Inoculum, 1 ml subcutaneously 
Darkfield findings with both cultures and animal exudates are given in p 
(0), no spirochestes 
(+), less than 10 spirochetes per oil-immersion field; no motile vibrios 
+), 10 or more spirochetes per field; no motile vibrios 
++), 10 or more spirochetes per field; motile vibrios present 
(—). not examined 
Notations for lesions in animals follow the key given under table 1 
T =transferred, followed by notations for passage animals separated by commas 
Notations for original animals (including transfers and passage animals) are s 
Example: The entry in the second line under the second B4 indicates that tt 
showed 10 or more spirochetes per field without motile vibrios, and yi 
pigs. Each of these showed 10 or more spirochetes and motile vibr 
transferred the first yielded a very small local lesion c aining les 
second produced a moderate local lesion with similar darkfield fir 


( 


LWW re eee teat ot 


yarated by semi 

at the second passage ot culture on blood agar 
Ided very smal! local lesions in each of two guinea 
ios (as well as other organisms) in their exudates. When 
than 10 spirochetes per field without motile vibrios; the 
dings 


mixture contained 5 cultures of gram- of exudate with increasing volumes of 
positive nonmotile rods which were’ inoculum from 0.1 to 1.6 ml, without 


omitted in BS. change in actual dosage, this finding 


would seem to indicate that failure to 

a obtain typical fusospirochetal responses 

The findings in the first group of with recombined cultures in the previous 

experiments reported indicate that study*® could not have been due to the 
whole fusospirochetal exudate isacom-_ time or volume factors. 

paratively stable infective mixture. The lack of evidence of 

Despite some loss of motility of its comparable infective agent 


a virus or 


in fuso- 
component microorganisms, its infec- spirochetal exudate in the results of the 


tivity seemed unimpaired after standing second group of experiments does not 
for 24 hours at 4 C or at room temper- of course prove the absence of such an 
ature, or for at least 6 hours at 37 C. agent, but a presumption that no such 
Together with the sustained infectivity agent is present seems tenable in the 
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absence of data to the contrary. It may 
be noted that Tilden and Burrill,” 
Steigman and Scott" and unpublished 
data from this laboratory" have shown 
that herpes virus is not an essei:tial com- 
ponent of the fusospirochetal infective 
The findings are 
consistent with the foregoing and em- 


complex. present 
body a further suggestion. Aside from 
the failure of these experiments to dem- 
onstrate a virus directly, the finding 
that 
date retained their infectivity appar- 
ently through 10 serial 
transfers adds indirect evidence to the 


mixed cultures started with exu- 
unimpaired 


same effect. While the dilution of origi- 
nal inoculum of exudate involved in the 
ten serial cultures was not measured, 
an estimate indicates that it must have 
been many times the dilution required 
to eliminate the infectivity of such exu- 
dates. In a previous report? it was shown 
that the lethality of 0.1 ml of inoculum 
for guinea pigs was lost at a dilution of 
1:16, while infectivity tended to dis- 
appear correspondingly in the dilution 
1:32 to 1:128. The dilution in- 


volved in the present series of mixed 


range 


cultures may be estimated conserva- 
tively as follows. The original inoculum 
was 1 drop of exudate, and the growth 
laden agar from which the inoculum for 
subsequent cultures was prepared had 
a volume of the order of 1 ml. The dilu- 
tion in the first (AFK) plate was thus 
at least 1:10, while in subsequent plates 
it was 1 drop ota suspension ot approxi- 
mately 1 ml of agar culture with 2.5 ml 
least 1:30. The total 
thus at 1:10 30°, 

1:10%. the tenth 
vielded 


of broth, or at 
least 
Since 


dilution was 


or more than 


AFK 


impaired 


culture apparently un- 


infection it seems unlikely 
12. Tilden. t 
western Univ 
13. Steigman, A. J 
Proc. Soc. Exper. Biol 
Clark \. R. 1944 


and Burrill, D. Y 
Bull. 47: 3 
and Scott, T. F. M 


1947, North- 


1947, 
& Med. 64: 244 
Unpublished lata 
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that an infective agent incapable of 
multiplying in the AFK medium, such 
as a virus, could have taken. part in the 
process. 

The complex, mixed population of 
microorganisms which comprises or in- 
cludes the pathogenic principle of fuso- 
spirochetal exudates is evidently able 
to survive through at least 10 serial 
subcultures in artificial mediums, and 
was apparently unaffected by the ob- 
served changes, different for the two 
mediums used, in either the proportions 
of the different microorganisms, or the 
morphology of some of them, or both. 
These changes seemed to be reversible 
adaptations to the differing environ- 
ments of culture mediums or guinea pig 
tissues, since exudates from guinea pigs 
inoculated with culture emulsions at 
each step in the series showed an imme- 
diate reversion to the pattern of propor- 
tion and morphology typical of exu- 
dates. Preservation of the pathogenic 
principle under these conditions, and 
its loss or serious modification under the 
conditions of the next set of experiments, 
suggests a highly complex and delicate 
ecological balance in a mixed microbi 
population which is maintained in asso- 
ciation but lost in the effort to separate 
and recombine the elements of the popu- 
lation. This, admittedly, 
the only 


is by no means 
possible explanation for the 
findings in the last set of experiments. 

When 


organisms 


micro- 
the 
foregoing mixtures and added to cul- 
M.P. 


exudates, a comparison of their differ- 


individual strains of 


were separated from 


tures previously isolated from 


ential features showed at least 17 and 
34 different cul- 
tures. Although the group seemed to in- 
clude the 


logical varieties seen in exudates, it has 


perhaps as many as 


whole gamut of morpho- 


not been demonstrated whether one or 
more essential species remained unculti- 


vated. When these cultures were recom- 
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bined in an effort to reduplicate infec- 
tive mixed cultures, they failed to yield 
the completely typical pattern either in 
the mixed cultures or in the guinea pigs 
inoculated from the cultures. The guinea 
pig responses were more nearly typical 
than those obtained in earlier experi- 
ments in this laboratory. The lesions 
tended to be larger than formerly, and 
in some instances there was a character- 
istic extension of the infection through 
the Darkfield 


examination showed in some instances 


subcutaneous _ tissues. 
a flora that seemed qualitatively com- 
plete, but the concentration of spiro- 
chetes and motile bacteria was never so 
high as in ty pical fusospirochetal lesions. 
The 
abundant and distinctly less foul than 


exudates, moreover, were less 


is characteristic, and they were clearly 


lacking in infectivity, since passage 


guinea pigs showed generally poorer 
responses than the primary animals. 


These findings would seem to call into 


question the reports by previous work- 


ers’:5—!7 of the production of typical 
fusospirochetal lesions with recombined 
cultures. The analysis of these reports 
given in a previous paper in this series! 
indicates that they left certain doubts 
that the 


precise nature of fusospirochetal infec- 


unresolved. It is suggested 
tion remains to be determined, and that 
a reproducible procedure for duplicating 
it with identifiable cultures continues 
to be a subject for research. 


SUMMARY 


Further studies are reported on a 
M.P. 


maintained by 


“strain’’ (designated of fuso- 


spirochetal infection 


15. Krit B. and Seguin, P 
stomatol. 22: 41 

16. Smith, D. T. 1930, J]. Infect. Dis. 46: 303 

17. Smith, D. T. 1932, Oral Spirochetes and Re- 
lated Orgar 
Baltimore 


1ewski 1920, Rev. de 


isms in Fuso-Spirochetal Disease, 
Williams & Wilkins Co 
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guinea pig passage of lesion exudates. 
for 
guinea pigs was found apparently un- 
impaired after storage for 24 hours at 
room temperature or at 4 C, and for at 
least 6 hours at 37 C, despite partial 
loss of spirochetal motility. No evi- 
dence of loss of infectivity resulted from 


The infectivity of such exudates 


increasing the volume of inoculum of 
exudate by dilution in extract broth in 
the range 0.1 to 1.6 ml, the actual dose 
remaining constant. 

Attempts to demonstrate a virus or 
infective 


similar agent in 


chetal exudate by filtration or centrifu- 


fusospiro- 


gation and inoculation of the filtrate or 
supernatant fluid subcutaneously into 
guinea pigs, on the scarified cornea of 
rabbits, or intracerebrally into mice 
gave negative results. 

The infectivity of mixed cultures in 
two mediums, initiated with M.P. exu- 
date and maintained by subinoculation 
through 10 culture transfers, 
showed no appreciable impairment with 


one medium and questionable impair- 


serial 


ment with the other. Changes in mor- 
phology of some of the contained micro- 
organisms, or in the proportions of 
them, or both, were characteristic of 
the cultures but reverted to the typical 
exudate pattern in the guinea pigs in- 
oculated at each passage. It is pointed 
out that these findings strengthen the 
that a 


component of the fusospirochetal in- 


view virus is not an essential 
fective complex. 

the 
strains of 


From mixed cultures, 39 new 
bacteria and 
with 21 cultures previously 


derived from the M.P. series. Screening 


were isolated 


studied 


by morphological and biochemical cri- 
teria reduced these 60 cultures to 29, 
and a further elimination of apparently 
related left 
cultures, 


forms 16 seemingly dis- 


tinctive including fusiform 
rods, motile rods or vibrios, nonmotile 


gram-positive and gram-negative rods 
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and streptococci. Except for one green- 
ing streptococcus, all cultures failed 


to grow aerobically. Recombination 
of these 29 cultures together with 5 
cultures of spirochetes from the M.P. 


series, in groups of from 9 to all 34 


. MACDONALD, AND D. C. O'CONNELI 


cultures, using the mixed culture pro- 
cedure found to be successful when initi- 
ated with whole exudate, yielded both 
cultures and guinea pig responses that 


fell short of being fully characteristic of 
fusospirochetal infection. 
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I. THE EFFECT OF PENICILLIN 
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The agents of the psittacosis-lympho- 
granuloma group resemble bacteria in 
their susceptibility to sulfonamides and 
antibiotics. In addition, recent evidence 
indicates that in many respects they are 
affected by the drugs as are the bac- 
teria. Morgan (1948a and b) has shown 
that the chemotherapeutic action of 
sulfadiazine on psittacosis virus is an- 
tagonized competitively by p-amino- 
benzoic acid and non-competitively by 
pteroylglutamic acid. He has suggested 
that, as in the case of bacteria, pteroy!- 
glutamic acid is a required vitamin for 
the growth of psittacosis virus. Huang 
and Eaton (1949) also found that p-ami 
nobenzoic acid reverses the action of 
sulfon- 
amides in mice infected by the intra- 


minimal therapeutic doses of 
nasal route with the viruses of mouse 
pneumonitis or lymphogranuloma ve- 


nereum. Furthermore, Loosli (1949) has 


observed that penicillin induces plaque 
both 
mouse 


formation in intra- and extra- 


cellular pneumonitis vesicles. 
This type of abnormal growth is remi- 
niscent of the effect of penicillin on bac- 
teria (Pratt and Dufrenoy, 1947). 


The agents of the psittacosis-lymph»- 
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granuloma group offer a unique op- 
portunity to elucidate the 
potentialities and limitations of viral 


some of 


chemotherapy and, with the help of 
chemotherapy, the nature of host-viral 
relationship. It is true that the doubt 
arisen that 
altogether 


has antimetabolites may 


prove ineffective against 
parasites devoid of independent metab- 
olism, and the general tendency has 
been to exclude the psittacosis-lympho- 
granuloma group from other viruses 
(Rake, 1948). But not 
entirely justified. It is possible that the 
sulfonamides 


subtle 


this doubt is 
antibiotics 
host 
and thus indirectly interfere with viral 


and cause 


alterations in metabolism 
growth. In fact, a close dependence of 
psittacosis virus multiplication on host 
metabolism has clearly been shown by 
Yanamura and Meyer (1941) and of 
feline pneumonitis by Moulder and Weiss 
(1951). Also, several attempts have failed 
to demonstrate a respiratory activity 
of separated feline pneumonitis ele- 
(Moulder and Weiss, 
1951), comparable to that of rickettsiae 
(Bovarnick and Snyder, 1949). Thus, 
the agents of the psittacosis-lympho- 


mentary bodies 


granuloma group, even though larger 
than some bacteria and capable of de- 
veloping extracellularly in the alveoli of 
mouse lungs (Weiss, 1949), appear to 
conform to the characteristics of viruses 
in their host-parasite relationship. 

This study has been undertaken in an 
effort to understand the effect of anti- 
biotics on the general biology of viruses, 
their relationship to host cells, and the 
mechanism which makes one drug supe- 


rior to another. It began with a study 
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of penicillin and was extended to a more 
efficacious drug, aureomycin (Gogolak 
and Weiss, 1950). 

The effectiveness of penicillin against 
agents of the psittacosis-lymphogranu- 
loma group has been adequately demon- 
strated in experimental infections as 
well as in clinical trials. The results have 
recently been summarized by Hamre 
and Rake (1947), Eaton et al (1948), 
and Goggio (1949). In general, penicillin 
although efficacious, is not entirely sat- 
isfactory. 

The murine 
pneumonitis have been chosen as most 


agents of feline and 


suitable for this type of study. 


MATERIALS AND METHODS 


The egg-adapted strains of feline and murine 
pneumonitis were the same as those used previ- 
ously (Weiss, 1949 and 1950). They killed chick em- 
bryos by 
and 10, 


for mice was low 


the yolk sac route in dilutions of 10 


respectively, but their pathogenicity 
The method of preparing virus 
pools was described in an earlier paper (Weiss, 
1950 

Che potassium salt of penicillin G produced by 
Eli Lilly and Company was used throughout. It 
was obtained in powdered form in ampoules of 
100,000 units (approximately 60 mg). Shortly 
before use, penicillin was dissolved in veal infu- 
sion broth and diluted, as needed, in the same 
medium. The dilution was so gauged that the 
desired number of units was contained in 0.25 
ml of fluid. Any penicillin not used the same day 
was discarded 


Six-day-old White chick 


were used. Groups of 10 to 30 were used to deter- 


Leghorn embryos 


mine the efficacy of penicillin under each experi- 
mental condition. The 


was injected into the yolk sac. 


virus as well as the anti- 
biotic rhe eggs 
ie of death of the 
The average day of death 
Golub 


Che yolk sacs of representative numbers 


were candled daily and the tin 
embryos determined 


ADD) 
1948) 


was calculated as described by 


of dying embryos were Gram-stained and exam- 
ined for the presence of elementary bodies and 
the absence of bacterial contamination 
lo study changes occurring in the virus stru 

tures, enough feline pneumonitis virus was given 
to kill the embryos in 5 days. Penicillin was given 
4 days later (1000 units per embryo), and the yolk 
secs of two embryos were collected at each of the 
following intervals: }, 4, 1, 2, 4, 7, 12, 18, and 24 
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hours. In addition, yolk sacs of untreated embryos 
were collected at daily intervals. Essentially the 
same procedure was used for murine pneumonitis 
virus. Sufficient virus was given to kill the em- 
bryos in 4 to 6 days. Penicillin (100 units per 
embryo) was administered 3 days after inocula- 
tion of the virus, and the yolk sacs of 2 embryos 
were collected at each of the time intervals indi- 
cated above and at 36 hours and daily thereafter 
up to 10 days. Specimens of untreated embryos 
The yolk sacs 
were fixed in Zenker-formol for 2 to 4 hours, em- 


were also taken at daily intervals 


bedded in celloidin, sectioned, and stained with 


hematoxylin-eosine-azure II 


RESULTS 


1. Effect of varying concenirations of 
pentcillin.—As 
(Weiss, 1950), the agent of feline pneu- 


previously observed 
monitis is more virulent for chick em- 
bryos than the agent of murine pneu- 
monitis. This is shown in figure 1. Each 
concentration of feline pneumonitis 
virus kills the embryos in a shorter time 
than the corresponding concentrations 
of murine pneumonitis. Embryos inocu- 
feline 
pneumonitis virus die within a short 
time of each other, and the effect of 


lated with the same amount of 


penicillin on this agent is easily de- 
termined. On the other hand, a same 
inoculum of murine pneumonitis virus 
kills embryos in a more variable length 


of time, and the effect of penicillin is 


gauged with greater difficulty. 

A group of embryos were each inocu- 
lated with 30,000 LDs5,) (10-* dilution) 
of feline pneumonitis virus and another 
group with 3000 LDs» (107? dilution) of 
murine pneumonitis. Concentrations of 
10,000 
units were given two days later. As 


penicillin varying from 10 to 


shown in figure 1, the antibiotic delayed 
the average day of death (ADD) of the 
infected embryos for a length of time 
dependent on the amount given. With 
the agent of feline pneumonitis, a pro- 
ADD 


with logarithmic increases of penicillin. 


gressive delay in was obtained 


With the agent of murine pneumonitis, 





EFFECT OF PENICILLIN ON FELINE PNEUMONITIS 


this relationship between amount of 
penicillin and ADD, although similar, 
was not as clearly seen because the 
virus is less virulent for chick embryos 

The eventual death of embryos pro- 
tected with small or large amounts of 
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after virus inoculation, and therefore, 
the factor of delayed administration of 
antibiotic was also present. Embryos 
receiving 3000 or 30,000 LDsy (A and 
B) were protected as in the previous 
experiment (fig. 1), except that about 


FELINE PNEUMONITIS 


10 i 


a ¢ § 
AVERAGE DAY OF EMBRYO DEATHS 


Fic, 1 


Relationship of virulence (indicated by the titration slopes) and susceptibility to penicillin 


of the agents of feline and murine pneumonitis in chick embryos. See text 


penicillin was shown to be due to viral 
infection. Smears from the yolk sacs 
revealed numerous elementary bodies, 
and the titer of virus was found to be 
identical to that of untre..ted embryos 

2. Effect of penicillin on varying con- 
centrations of virus.—Figure 2 illustrates 
the effect of the same amount of penicil- 
lin (1000 units) on varying concentra- 
tions (3000 to 300,000 LDs») of feline 
pneumonitis virus. Similar results were 
obtained when other doses of penicil- 
lin were used (10, 100, and 10,000 units). 
The antibiotic was administered 2 days 


20% of the embryos in B died as soon 
When 300,000 LDs5o 
were inoculated, 90% of the embryos 


as the controls. 
died as soon as the controls, but the few 
surviving embryos lived as long as em- 
bryos in the other two groups. These 
results are similar to those obtained by 
Hamre and Rake (1947) and suggest 
that, within limits, the amount of virus 
present in the embryos did not change 
the effect of penicillin. But, as better 
illustrated in succeeding experiments, 
many of the embryos in B and C were 
no longer protected because they re- 
~- 
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Fic. 4.—Effect of penicillin given at varying intervals of time after inoculation of feline pneumonitis 
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ceived penicillin too near to their time of 
death. 

the 
ments an attempt was made to study 


penicillin.—In following experi- 


the effectiveness of penicillin when given 


at various times during the progress of 
infection. A large number of chick em- 
bryos were inoculated each with 300,000 
LDs5o of virus or an amount sufficient 
to cause their death in approximately 
96 hours, and groups of 30 embryos were 
given 1000 units of penicillin after 3 
hour and every 12 hours from 36 through 
60 hours. The degree of protection for 
6 of these groups and a control group is 
shown in figures 3 and 4. Penicillin was 
just as effective when given at 36 hours 
as at 3 hour. It was somewhat less effec- 
tive at 42 and definitely 
less effective at 48 hours, i.e., 48 hours 
before the expected death of the em- 


hours was 


bryos. Protection dropped further at 54 
hours and disappeared by 60 hours. 

Similar results (fig. 5) were obtained 
with a smaller concentration of virus, 
i.e., 3000 L.Ds59 per embryo, which killed 
the embryos in about 54 days. Penicillin 
given 48 or 72 hours after inoculation 
protected the embryos equally well but 
was definitely less protective when given 
after 84 hours, i.e., approximately 48 
hours before the expected death of the 
embryos. It was practically ineffective 
when given after 96 hours. 

4. The effect of 


velopmental stages of feline and murine 


penicillin on the de 


pneumontitis.—Since vesicles of murine 
pneumonitis can be seen in heavily in- 
fected embryos several days before the 
embryos die, they can be studied in 
treated and untreated embryos. On the 
other hand, the developmental stages of 
feline pneumonitis appeared in large 
numbers in the chick embryos only 
about 24 to 36 hours before their death, 
and thus the effect of penicillin on their 


vesicles could be studied only in em- 


3. Effect of delayed administration of 


bryos which were no longer protected. 
Because of this, most of the morpho- 
logical study was carried out on the 
agent of murine pneumonitis, but the 
observations were well integrated with 
those made on the agent of feline pneu- 
monitis. 

As previously described (Weiss,1949), 
the normal developmental cycle of 
murine pneumonitis lasts approximately 
30 to 36 hours, and the synchronism of 
development is gradually lost during 
the second cycle. Three days after inoc- 
ulation of the virus, as shown in figures 
6 to 8, all stages are present. At this time 
penicillin was administered (100 units 
per embryo). 

Under the influence of penicillin, 
the individual granules making up the 
clusters and vesicles greatly enlarge 
without dividing and give rise to forms 
not seen in untreated embryos. The 
first stages to be affected are the initial 
bodies and clusters, which, presumably, 
are the structures which are growing 
most actively. Figure 9 shows a cluster 
which, two hours after the inoculation 
of penicillin, has granules about twice 
as large as those seen in figure 6. Four 
hours after penicillin the smaller vesicles 
are affected (figs. 10 and 11). It is inter- 
esting to note that the granules at the 
periphery, usually larger than those in 
the center and more actively dividing, 
affected the 


center. As shown in figure 11 the role of 


are sooner than those in 
these granules in the development of 
the vesicle is emphasized by their fail- 
ure to divide. 

Seven hours after the administration 
of penicillin even the larger vesicles 
are affected, as shown in figure 12. The 
granules at the periphery are greatest 
in size, but some of those in the center 
are also enlarged. Elementary bodies 
are still numerous. 

The same chain of events continues 


through 18 hours after treatment. In- 
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dividual particles develop into plaques 


several times their original size (fig. 13). 
The elementary bodies in the center of 
vesicles gradually decrease in number 
but do not disappear completely even at 
later stages. 

At 18 hours after 
penicillin, some of the plaques are no 


about this time, 
longer spherical. As shown in figure 14, 
some are indented and others develop 
concavities which surround’ more 
II 
nany 


The 


regularity of shape and vacuolizatica of 


rounded plaques. Affinity for azur 


stain varies considerably, and 
vacuolated. ir- 


plaques become 


the plaques progressively increases, as 
shown by the vesicle in figure 15 three 


days after treatment. Coincident with 
these ¢ hanges, thenumber of vesicies seen 
in any one specimen decreases slowly. 

The embryos begin to die 5 to 8 days 
alter the administration of penicillin 
Prior to their death numerous finely 
The 
quence of events trom the degenerate 


15) 


normal vesicles at 8 days (fig. 16 


granulated vesicles reappear. se- 


vesicles at 3 days (fig. to almost 


is not 


entirely clear. Possiblv, a few of the 


larger vacuolated plaques are no longer 
viable. In fact, as determined, the virus 


titer declines at a slow rate after ad- 


ministration of penicillin. New vesicles, 


however, may arise from elementary 


bodies which, although greatly de- 


creased in number, never completely 


disappear. Vesicles may also arise from 


the less degenerate plaques which, 


icrographs of murine and felin 


mens were 
r. The 
ire I] 
linics. Magnitx 


pmental st 


taken just prior t 
sues Were 


The photomicrographs were taken by 


{ 
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possibly, break up and give rise to 
elementary bodies. The presence of a 
few plaques in the large finely granu- 
lated vesicles seen just prior to the death 
of the embryos (fig. 16) suggests that 
some may have broken up to give rise 
to elementary bodies while others still 
remained. 

As indicated in previous work (Weiss, 
1949), the normal individual particles 
feline 


ot 


pneumonitis are somewhat 


smaller than those of murine pneu- 
monitis. They also develop more slowly 
(in about 48 hours). The vesicle is con- 
tained more strictly within the proto- 
plasmic strands of the host cell and often 
has a long, bizarre appearance. Figures 
17 18 


cluster and vesicle, respectively. 


and illustrate a typical normal 

The slower development of murine 
pneumonitis is paralleled by a slower 
ot 


action the 


penicillin. Granules of 
vesicles and clusters are noticeably en- 
larged 4 hours after the administration 
of penicillin. Figures 19 and 20 illustrate 
the changes which have taken place 
after 7 hours. Particles in both struc- 
tures are considerably enlarged but not 
to the same extent as those of murine 
pneumonitis. After 18 hours, the in- 
crease in size #§ more pronounced, and 
vacuolated 


plaques occur (figs. 21 to 23). The in- 


irregularly shaped and 
afterwards. 
1000 units of 


penicillin given to each embryo in this 


fected embrvos die shortly 


\s indicated above, the 


experiment did not protect them. 


pneumonitis viruses growing in the 
administration of penicillin and at 
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Plaque . 
Vesicle 


18 hours after penicillin 


18 hours after penicillin 


Conglomerate of irregularly shaped plaques, 18 hour 


DISCUSSION 
hese results, in regard to the efficacy 
of penicillin against murine and feline 
pneumonitis infections, are in general 


with those obtained by 
Rake (1947 
al (1948). It is interesting to note that 
\DD of 


feline 


agreement 


Hamre and and Eaton et 


the delay in the embrvos in- 


fected with pneumonitis and 


treated with penicillin is proportional 


to logarithmic increases of penicillin. 


This suggests that the delay ol 
dependent on the exposure of the virus 
to an effective concentration of penicil- 
lin and 


is dependent on the rate of 


destruction and/or elimination of the 


antibiotic from the volk sac This rate 
was not determined in the present study 
but data are available from the work of 


1947 


latter 


Hamre and Rake and Eaton et al 


(1948 lhe 


found that the 


investigators have 


rate of destruction of the 


antibiotic was fairly uniform at various 


ADD is, 


after penicillin 


concentrations and that its potency 


24 hours. The 


relationship between rate of destruction 


dropped to about , in 


of penicillin (solid line) and delay in 


ADD at the 


(solid Cire les 


various concentrations 
is shown in figure 24. The 
rate of destruction and/or elimination 
of penicillin appears to be the main 
factor deterniining the delay of ADD. 
The morphological changes due to 
penicillin are comparable to those de- 
(Pratt and Du- 
\lthough the fate of the 


bacteria 


s¢ ribed for 
1947 
abnormally 


lrenoy, 


developed virus has not 
been fully determined, it appears that 
many particles are injured by the proc- 
ess of faulty development. This is in 


dicated by their bizarre appearance, 


possibly due to lesser consistency, their 
for stains, and vacuoliza- 


lower affinity 


and is also confirmed by the dec line 
Weiss, 


have observed 


tion, 
titer 
Eaton et al 


(sogolak and 


1948 


in virus 
1950 
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that the greater decrease in virus titer 
occurs two to three days after adminis- 
tration of penicillin or at the peak of 
the irregularity of shape and vacuoliza- 
tion as seen in this study. 

The experiments illustrated by figures 
2 to 5 clearly indicate that within wide 
limits the effect of pen illin is unrelated 
to virus concentration. In some experi- 
ments various concentrations of virus 
were inoculated and penicillin adminis- 
In other 


tered at one interval of time. 


10,000 
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solid 
ADD of embryos in 
solid 


struction and/or elimination of penicillin 
line) and prolongation of 
fected with the ivyent ol feline penumonitis 


circle See text 


experiments penicillin was given at 
various intervals of time after inocula- 
tion of the same amount of virus. Ob- 
viously, the concentrations of virus dif- 
the 


fered at time 


that the penicillin was administered. 


various intervals of 
the 
course of infection of the embrvos, 48 
hours 


However, a time is reached in 


before their deaths, when peni- 


cillin is no longer protective. It does not 


seem probable that by that time irre- 


versible changes have already occurred 
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in the chick embryos. Aureomycin, for 
example (Gogolak and Weiss, 1950), is 
still effective when given well beyond 
that time. Furthermore, Moulder and 
Weiss (1951) that 


fected cells maintain a normal respira- 


have shown the in- 
tory rate up to the time of death of the 
embryos. 

The morphological changes occurring 
in the developmental stages of the virus 
(fig. 9 to 16, 19 to 23) offer an explana- 
tion for the time limit of effectiveness 
the 
penicillin, the virus, though not divid- 


of penicillin. Under influence of 
ing, continues to grow, and, presuma- 
bly, continues to damage the host cells. 
Forty-eight hours before the death of 
the embryo, therefore, when penicillin is 
markedly less efficacious, the virus has 
invaded enough cells to cause the death 
of the embryo as soon as each particle 
has grown to capacity. This conclusion 
seems justified since the developmental 
cycle is actually 48 hours. 

that in 
evaluating the efficacy of chemothera- 


The results clearly indicate 


peutic drugs, the mechanism of develop- 
ment of the viruses in the parasitized 
cells should be considered. 


SUMMARY 


1. The the 


agents of feline and murine pneumonitis 


effect of peni illin on 
grown in the yolk sacs of chick embryos 
was studied. Although the two agents 
appeared equally Sus¢ eptible, the effect 
on the more virulent feline pneumonitis 
virus could be more accurately deter- 
The 


monitis, however, because of the early 


mined. agent of murine pneu- 
appearance of its vesicles in tissue sec- 
tions, proved very valuable for morpho- 
logical investigations. 

2. Penicillin, in concentrations of 10 
to 10,000 the 


death the 


delayed 
(ADD) of 


embrvos. The delay was proportional 


units, average 


day ot infected 


to logarithmic increases of penicillin, 
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suggesting that it was determined by 
the and/or elimi- 
nation of the antibiotic. Protected em- 


rate of destruction 


bryos eventually died and were shown 
to have heavy viral infections. 

3. The efficacy of penicillin, although 
relatively independent of viral concen- 
and time of 


tration administration, 


stopped abruptly when administered 


less than 48 hours before the expected 


death of the embryos, or the length of 
a complete developmental cycle. 

4. A microscopic study revealed that 
the 
virus particle but allowed an abnormal 
The 


granules making up the initial bodies, 


penicillin prevented division of 


type of growth to take place. 


clusters, and vesicles developed into 


large irregularly shaped, vacuolated 
plaques. 

5. It is suggested that the virus de- 
veloping abnormally under the influence 
of penicillin continues to injure its host 


cell 


only when given before a large number 


Therefore, penicillin is effective 


of host cells are invaded. 


PENICILLIN ON FELIN! 


PNEUMONITIS 
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THE EFFECT OF ANTIBIOTICS ON AGENTS OF THE PSITTACOSIS- 
LYMPHOGRANULOMA GROUP 


Il. THE EFFECT OF AUREOMYCIN 


FRANK M. GOGOLAK AND EMILIO WEISS* 


From the Department of Bacteriology and Parasitology, The University of Chicag: 


Chicago 37, Illinois 


Aureomycin (Duggar, 1948) has been 


found to be very effective against 
agents of the psittacosis-lymphogranu- 
loma group in experimental infections 
(Wong and Cox, 1948; Wagner, 1949; 
Wells and Finland, 1949) as well as in 
numerous clinical trials as reported, 
Woodward (1949), 
Brainerd et al (1949) Wright et al 
1948), Runyan et al (1949), and Robin- 


(1950 


among others, by 


son It is now generally agreed 
that aureomycin will replace penicillin 
and the sulfonamides in the treatment of 
psittacosis and lymphogranuloma ve- 
nereum 

Che present study was prompted by 
the belief that the greater effectiveness 
of aureomycin over penicillin would be 
reflected in its influence on the biology 
of the viruses. Therefore, this investiga- 
tion closely paralleled the preceding one 


(Weiss, 1950b). The agent of feline pneu- 


monitis was used throughout 


MATERIALS AND METHODS 


The egg-adapted strain of feline pneumonitis 
virus and the procedures of preparing virus pools 
ind inoculating chick embryos were identical to 
those previously described (Weiss, 1950a and b 
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Aureomycin hydrochloride was obtained from 
the Lederle Laboratories in 100 mg sterile am- 
poules, as distributed for human intravenous in- 
jection. Just prior to its use, the drug was dis- 
solved in sterile distilled water to make a stock 
solution of 10 mg of aureomycin per ml. Sup- 
sequent dilutions were prepared to contain the 
desired amount in 0.25 ml of fluid. Aureomycin 
in quantities up to 2.5 mg per embryo, as ‘ised 
in these experiments, did not prevent normal de- 
velopment and hatching of chick embryos. 

For histological investigations, enough virus 
(1000 LDso) was given to kill unprotected embryos 
in 5 to 6 days. Aureomycin (0.15 mg per embryo) 
was administered 4 days afterwards, and 2 speci- 
mens of yolk sacs were taken at each of the follow- 
ing time intervals: }, 4, 1, 3, 6, 9, 12, 24, 36 hours, 
and 2, 3, 34, 4, 5 and 54 days. In addition, un- 
treated control specimens were taken at daily 
intervals after 3 days. The histological techniques 

e described in the preceding work (Weiss, 
1950b). 


RESULTS 


1. Effect of varying concentrations of 
aureomycin.—A large number of chick 
embryos were with 
1000 LDgo of feline pneumonitis virus. 
One hour later groups of 10 embryos 
were given 


each inoculated 


various concentrations of 
aureomycin. As shown in figure 1, the 
antibiotic in concentrations of at least 
0.025 mg per embryo delayed the 
average day of death (ADD) of the 
embryos. The delay of ADD was in 
direct the amount of 
aureomycin given. For example, 0.1 
mg and 0.2 mg delayed the ADD of in- 
fected embryos 3.5 and 6.6 days, re- 
Protected 
ever, eventually succumbed to an infec- 


proportion to 


spectively. embryos, how- 
tion as heavy as in controls, as deter- 
mined by the final titer of virus in dying 
embrvos. Large amounts of aureomycin, 
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such as 2.5 mg per embryo, protected 
the embryos beyond hatching time (fig. 
2B). 

2. Effect of aureomycin on varying 
The 


ship of the concentration of virus to 


concentrations of virus. relation- 
efficacy of aureomycin was studied by 
varying the amount of virus (10, 1000, 
and 100,000 LD.) as well as the amount 


of aureomycin. As in the previous ex- 
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Average day of death of groups of embryos inoculated with the 


on FELINE PNEUMONITIS 265 
hatch. Large amounts of aureomycin, 
2.5 mg, allowed all embryos to hatch, 
even those receiving the heavy concen- 
tration of virus. 

3. Effect of delayed administration 
of aureomycin.—This experiment in- 
volved 5 groups of 25 embryos which 
received 100,000 LDgo or enough virus 
to kill the embryos in 4 to 44 days. 
Four groups were treated with 0.25 mg 


FELINE PNEUMONITIS 
1000 LD go 


nonuareee | 


0.10 


0.05 
MG OF AUREOMYCIN 


same concentration of virus 


and varying amounts of aureomycin. Stippled area indicates time of death of the control embryos, 


area le ngth ot protection 


periments the antibiotic was injected 
1 hour after the inoculation of the virus 
Each 
10 


The results are shown in figure 2. 


column represents the average of 
embryos. 

It is 
aureomycin is remarkably independent 
of The untreated 
embryos and those receiving the smallest 
(0.0025 mg 
died at different intervals of time, 4.1, 


7.4 


concentration 


apparent that the efficacy of 


virus concentration 


amount of the antibiotic 


5.3, days, 
ot 


025 mg delayed death for 


and depending on the 


virus they received. 
Howeve. 
about 1 day in all three cases. Larger 
(0.25 


caused delays of 6.1 days in C and 


amounts of aureomycin mg) 
7.4 
days in B. In A the prolongation was at 
least 7 days, and, because of the low 
concentration of virus, this delay 


the 


Was 


long enough to allow embryos to 


of aureomycin per embryo 2, 72, 84, and 
96 hours thereafter. Results are given 
in figure 3. Twenty-five embryos were 
The 


not 


used for each interval. 


did 


was 


testing 

of 
administration 
to 

a marked drop in effectiveness occurred 


effectiveness aureomycin 


change when de- 


layed from 2 72 hours. However, 
when the antibiotic was given 84 hours 
after inoculation of the virus, but some 
embryos were still definitely protected 
at this time. Since untreated embryos 
began to die shortly after this interval 
of time and were all dead 24 hours later, 
it appears that aureomycin is still effec- 
tive when given approximately 24 
hours before the expected death of the 
embryos. 

A second group of embryos receiving 
1000 LDsgo of virus was also inoculated 
with aureomycin at various intervals of 
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0.025 0.002 
MG OF AUREOMYCIN 


roups 


FELINE PNEUMONITIS 
10 LDco 


1000 LDgo 


C 


0025 


5 
I 


RUS 


NO 


of embryos inoculated with varying concentrations of virus 


reas as in figure 1 


in figure 4. 
to 6 


aureomycin 


time. The results are shown 
The untreated embryos died in 5 
of 


p to 96 hours after inoculation 


days. Administration 
delayed u 
of virus protected the embryos as well 


\ 


noted 


as that given at previous intervals 


moderate drop in efficacy was 


when aureomycin was given 108 hours 


the viru This experiment in 


Ss 


alter 


dicated again that aureomycin was ef- 
fective up to 24 hours before the death 
of the embryos. 

4. The effect of aureomycin on the 
developmental pneu- 

Under the influence of aureo- 
the 
up the clusters and vesicles of the virus 


stages of feline 
monilts. 
mycin ndividual granules making 


enlarged, as they did under the influence 
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ugh 12 are photomicrographs of feline pneumonitis vesicles growing in the yolk sacs of 


s and exposed to aureomycin for various lengths of time. The tissues were fixed in Zenker- 
lded in celloidin, sectioned 6u thick and stained with hematoxylin-eosin-azure II. The 
raphs were taken by Mr. Jean W. Crunelle of the University of Chicago Clinics. Magnifi 
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(Weiss, 


slower 


1950b), 
The 


figure 5 is representative of those ex- 


but at 
vesicle in 


of penicillin 
a much rate. 
posed to aureomycin for 3 hours and 
cannot be distinguished from control 
vesicles. Twelve hours after inoculation 
(fig. 6) an increase in size was barely 
noticeable. Individual particles grew 2 
to 3 times in diameter by 36 hours, and 
the that 
those ex posed to penicillin for 7 hours 
(Weiss, 1950b). By 


developed into small plaques and _ re- 


vesicles at stage resembled 


3 days the granules 


sembled structures exposed to penicillin 
for 12 to 18 hours. 

In this experiment enough aureo- 
mycin was given to delay the death of 
the embryos for 4 to 6 days. Figures 
9 to 12 illustrate the morphology of 
vesicles during the period when most of 
the aureomycin had disappeared and 
the virus had begun to develop again, 
( iusing the embryos to eventually die. 
Figure 9 illustrates the morphology ot 
a vesicle in a living embrvo after treat- 
The 


mostly made up of plaques. 


ment with aureomycin. vesicle is 


he vesicle 
a dead embryo of 


in figure 10 is from 


the same time interval. Many particles 
about the size of elementary bodies are 


already present. The plaques, on close 


inspection, reveal a granular 


that th 


structure, 
indicating are about to break 
up and give rise to elementary bodies 
\ similar phenomenon is well illustrated 
in “ugures 11 and 12, taken, respectively, 


rom a living and dead embrvo 54 days 


administration of aureomvcin. 
heure 11 still 


many plaques, but some of them are in 


ifter the 


The vesicle in contains 


the process of breaking up. The vesicle 


in figure 12 appears identical to those 


in the untreated embrvos. 


In general, only a moderate number 


of volk cells were infected prior to the 


administration of aureomvycin. For a 


period of about 4 days after the inocu- 


lation of aureomvcin, the number of 


vesicles remained approximately con- 
stant. Then, as aureomycin was elim- 
inated or destroyed, the infection be- 
came resembled that of 


heavier and 


dying, untreated embryos. 


DISCUSSION 


1. The results of these experiments 
appear to indicate that aureomycin is 
not virocidal but only inhibits the de- 
velopment of the virus. However, in 
view of the instability of the antibiotic 
at 37 C, at neutral or slightly alkaline 
pH, or in the presence of protein (Price 
et al, 1948; Paine et al, 1948), 
ficult to understand why a relatively 
small 
0.25 meg 


it is dif- 


amount of antibiotic, such as 


per egg, should exercise an 
inhibitory action lasting over 7 days. 
It is interesting to note that Klein et 
al (1950) similarly protected mice in- 
fected 


prolonged 


with type I pneumococci for 


periods by giving aureo- 
mycin intramuscularly, instead of in- 
travenously. It was noted in the course 
of the experiments that the drug be- 


comes highly insoluble at a neutral or 


slightly alkaline pH and in a medium 


such as egg yolk. It appears that in the 
chick embryos, except for the very low 
drug concentrations, a precipitate is 
formed and the drug exists in a soluble 
and an insoluble phase. Possibly only 
the soluble phase is subjec t to deteriora- 
is being contin- 


tion or excretion and 


uously replenished from the insoluble 
phase. So long as prec ipitate is present 
the concentration of soluble aureomycin 
remains constant, and the deterioration 
of the total amount of aureomycin pro- 
\s soon as 


the de- 


ceeds at an arithmetic rate. 
all the precipitate is exhausted, 
terioration continues at a logarithmic 
rate, as shown in figure 13. 

rhe data used to determine the rate 
of destruction of aureomycin in figure 
13 were derived from the prolongation of 


chick embryo life observed in these ex- 
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periments (solid circles) and from the 
rate of destruction of aureomycin (half 


life of 12 hours) at 37 C in plasma 


MG OF AUREOMYCIN 


AUREOMYCIN IN SOLUTION 


0.03 
| 


“| 


8 





+ i) 
DAYS 


Fic. 13 
struction 


Relationship between rate of de- 


and/or elimination of aureomycin 
solid line) and prolongation of ADD of embryos 
infected with the agent of feline pneumonitis and 
given a single dose of aureomycin one hour late 


solid circles). See text. 


@ 
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NORMAL DEVELOPMENT OF THE 
AGENT OF FELINE PNEUMONITIS 


TIME LIMIT OF 
EFFECTIVENESS 
OF PENICILLIN 


> 


per ate 
HOURS AFTER INOCULATION 


TIME LIMIT OF 
EFFECTIVENESS 
OF AUREOMYCIN 


of aureomycin (solid line, fig. 13) can 
explain how a drug generally more 
unstable than penicillin and consider- 
ably less potent (50 mg of aureomycin 
are about as effective as 6 mg of penicil- 
lin, Weiss, 1950b) can, in most cases, 
become more efficacious. 

2. The efficacy of aureomycin is re- 
markably independent of virus concen- 
tration as shown by varying the con- 
centration of virus and the time of ad- 
ministering the antibiotic. These re- 
sults agree with those of Bliss and Todd 
(1949), who noticed that aureomycin is 
the affected 
by the size of the bacterial inoculum. 


among antibiotics least 
3. In sharp contrast with penicillin 
(Weiss, 1950b), the administration of 
aureomycin can be delayed until 24 
hours before the death of the embryos, 
or one-half the time of a developmenta! 
| 
EMBRYOS | 
SURVIVE 


cro 








Zm<-0 vO 
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TIME OF DEATH 
OF UNTREATED 
EMBRYOS 
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Fic. 14. 


igent of feline pneumonitis 


al (1948). It fol- 


lows that, as long as a precipitate is 


gathered by Paine et 


present, 20 mg of aureomycin are avail- 
able in the soluble state to the embryo. 
This hypothesized rate of destruction 


Comparative effects of penicillin and aureomycin on the developmental stages of the 


cycle. This indicates that aureomycin is 
powerful 
activity than penicillin. In fact, penicil- 
lin prevents division of the initial body, 
but growth continues at the same rate 


a more inhibitor of viral 
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formed (Weiss, 
1950b). Aureomycin, on the other hand, 


and large plaques are 


prevents initial body division and al- 


most completely suppresses growth, 
which is allowed to proceed only at a 
very slow rate. The plaques produced 
under the influence of penicillin appear 
to be just as injurious to the host as 
the the 


exposed to 


normal vesicles, while slow 


growing vesicles aureo- 


mycin are not. The comparative ef- 
ficacy of the two antibiotics and their 
mechanism of action are schematically 
summarized in figure 14. 


10°; 


oe AYREON mn 
a 
PENICLOQ= = 


72 36 
HOURS AFTER VIRUS INOCULATION 


litrations of virus in embryos 


with penicillin, aureomycin, and un- 


Direct 


Is preve nted by 


that virus division 
both 


aureomycin is given by the experiments 


evidence 


penicillin and 


Under the in- 
the titer 


ms constant or dex lines 


illustrated in figure 15. 


fluence of either antibiotic 


of the virus ret 


slightly. 
SUMMARY 


1. Aureomycin in concentrations of 


0.025 to 0.25 mg significantly prolongs 


the life of chick embrvos infected with 


the agent of feline pneumonitis. The 


celay of average day of death (ADD 
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is directly proportional to the amount of 
aureomycin given, indicating that in the 
chick embryo the antibiotic is destroyed 
at a constant rate. 

2. The effect of aureomycin is mark- 
edly independent of virus concentration 
(from 10 to 100,000 LDs.9) and time of 
The 


fective up to 24 hours before the ex- 


administration. antibiotic is ef- 
pected death of the embryos. 

3. Under the influence of the anti- 
biotic initial body division is prevented 
The 
granules making up the clusters and 


and growth is greatly retarded. 
vesicles slowly enlarge and eventually 
become small plaques. 

4. It appears that aureomycin is a 
more powerful inhibitor of the activity 
of feline pneumonitis virus than penicil- 
lin. 
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THE EFFECT OF SERUM ON THE ACTIVITY OF THE POLYMORPHO. 
NUCLEAR LEUKOCYTES OF THE GUINEA PIG 
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The close association of the circulating 
polymorphonuclear leukocytes with the 
defense mechanism of the body is well 
understood. It is also recognized that the 
effective extravascular participation of 
the blood leukocytes in the defense of 
the host depends upon the consumma- 
tion of four activities of which these 
cells are capable, namely (1) diapede- 
sis, (2) ameboid migration within the 
tissues, (3) phagocytosis of invading or- 
ganisms, and (4) digestion of engulfed 
organisms. 

Since the general description of the 
phagocytic Metchnikoff, 
many studies have been made of the 


process by 


activities of the circulating leukocytes. 
It was noted quite early that serum 
enhanced 
the engulfment of bacteria and other 
particulate matter by the white blood 
cells, and much evidence has been ac- 


contained substances which 


cumulated concerning the nature and 


action of normal and immune serum 


opsonins. Less interest has been mani- 
fested in the effect of serum on the other 
activities of leukocytes, especially its 
effect on their motility. More particu- 
larly, little attention has been given to 
the indirect effect of serum or serum 
components on phagocytosis through an 


alteration of motility. 


Friedemann and Schénfeld,' using 
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Physikalischchemischen 


1. Friedemann, U. and 1917, 
Bedin- 
gungen der Leukocyten bewegung. Biochem. 


Ztschr. 80: 312 


Ueber die 


rabbit leukocytes, noted a marked 
diminution or complete cessation of 
motion when serum was omitted from 
the system under study. These investi- 
gators also reviewed a number of earlier 
related More 
Delaunay and Pages® reported failure 
to observe either chemotaxis or motility 
of guinea pig white blood cells in the 
absence of serum. 


observations. recently 


The present investigation was under- 
taken to study the relationships of serum 
to ameboid motion of leukocytes. It 


also seemed desirable to determine 
to what extent the phagocytic process 
was correlated with changes in pseudo- 
pod formation and motility. To ac- 
complish these purposes, polymorpho- 
nuclear leukocytes were observed in 
living, unstained preparations with the 
aid of darkfield illumination, tempera- 
ture being maintained at 37 C. Studies 
were made both with and without the 
addition of phagocytizable particles. 
In this manner opsonic effects could be 
ruled out. 


METHODS 


Leukocyte suspensions were obtained accord- 
ing to the technique used by Nungester and 
Ames.* Such a procedure, which involves the 
production of an exudate in the peritoneal cavity 
of guinea pigs in response to the injection of 
Locke solution, yields a cell suspension contain- 
ing 80 to 85% polymorphonuclear leukocytes. 

In the studies involving only ameboid motion 
and related phenomena, the specimens for micro 
scopic examination were prepared by adding 0.02 
ml of washed, packed leukocytes to 0.5 ml of the 
serum sample or solution used to replace serum 
2. Delaunay, A. and Pages, J. 1946, Complement 

et tactisme leucocytaire. Ann 

72: 458 

Nungester, W. J. and Ames, Ada M. 1948, 

The relationship between ascorbic acid and 

phagocytic activity. ]. Infect. Dis. 83: 50 


Inst. Pasteur, 
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\fter thorough mixing, a drop of this material 
was placed within a ring of petrolatum on a glass 
slide and a coverslip superimposed. These slides 
then incubated at 37 C for 15 minutes prior 


were 


to microscopic exam tion 


In later experiments. in which studies of phago- 


cytosis were made concurrently with observa- 


tions of ameboid motion, the procedure was 
modified as follows: To 0.1 ml of a suspension of 
leukocytes in Locke sclution (45,000 to 50,000 
cells per cmm) was added 0.8 ml of the serum or 


The 


thoroughly agitated and allowed to stand for 15 


solution under investigation tubes were 
minutes at 25 C to permit the test substance to 
act on the cells before bacteria were added. At 
the end of this period 0.1 ml of a standard sus- 
(turbidity was ad- 


pension of Bacillus anthracis 


justed to 30°% transmission of light in a photo- 
electric nephlometer using a green filter), heat- 


killed 


leukocytes 


was added and mixed throughly with the 
\ drop of this mixture was placed on 
1 slide and the procedure described above was 
then followed 

Microscopic 
blood cells was facilitated by the use of darkfield 


observation of the living white 


llumination 
1. The 


with a calibrated ocular 


The microscope was kept at 37 
diameter of the cells was measured 
micrometer. Direct ob- 
amoeboid motion 


ervation yielded data on 


udopod formation, Brownian motion of th 


ytoplasmic granules, adhesion of the cells to the 


lide and coverslip, the tendency of the leukocytes 
to clump, and morphological changes in the cells 
Such observations were evaluated as 0, 1, 2, 3, or 
+. In each instance 4 was the maximum value and 
based on a series of examinations of leuko- 
ytes in normal ¢ 


) 
One 


linea pig serum under optimal 


condition and 3 were intermediate val- 


Che data presented are, therefore subject to 


rors inherent in such a procedure 
ibove technique made pos- 


tive determination of phago- 


EXPERIMENTAL 


Factors 1 normal guinea pig serum 


responstble for leukocyte 


activity 


Inorganic ions of the serum.—Guinea 
Iree ol 


Locke 


whether or 


leukocytes, washed serum, 


pig 


were suspended in solution to 


determine not a balanced 


solution of inorganic ions as supplied 


by Locke solution would be capable of 
the the leuko- 


supporting activity of 
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cytes at the same level as normal serum. 


Another portion of the same specimen 
of cells was suspended in normal guinea 


pig serum to serve as a control. The re- 
sults of these experiments are sum- 
marized in table 1; the figures are the 


mean values for a series of tests. It will 


TABLE 1. 
cytes in Locke solution 


Activity of guinea pig leuko- 


Difference 
Normal of means 
Locke guinea - 
solution pig 

serum 


Leukocytes 
suspended in Standard 
error ot 
difference 

Opacity of cytoplasm 0.2 9.4 
Brownian motion of 

granules 3 
Pseudopod formation 2.4 5 
Motility 2.1 5 
Diameter (in microns 14.6 x 
Degenerative changes 0.3 4 
Adhesion to slide 3.9 7 


* The figures represent mean values of 19 measurements. 
Except where indicated, readings were made on the basis 
of 0 to 4, 4 being the maximum value 


be noted that in no respect was the ac- 
tivity in Locke solution comparable to 
that in serum. Cells in the former me- 
dium underwent marked degenerative 
changes, were almost immobile, Brown- 
ian motion of the granules all but ceased, 
and adhesion to the glass surfaces was 
reduced significantly. 


raBLeE 2.—Effect of addition of gum 


arabic to Locke solution to give 


same viscosity as serum. 


Difference 
Locke of means 
Luekocytes solution Locke 
suspended in plus gum _—_ solution Standard 
arabic error 0 
difference 


Brownian motion of 

granules 1.3 
Pseudopod formation 0.4 
Motility 0.1 
Diameter (in microns 10.1 
Degenerative changes 1.4 


* The figures represent mean values of three measure- 
ments 

Except where indicated, readings were made on 
of 0 to 4, 4 being the maximum value 


the basis 


Viscosity of the serum.—A_ possible 
objection to the use of a solution such 
as that of Locke in place of serum is 
that the solution is markedly less viscous 
Indeed, Friedemann and 


than serum. 
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Schénfeld' believed the viscosity of 
serum was the reason for its ability to 
support motility. According to their 
findings leukocytes were as motile in 
Locke, Ringer, or other balanced salt 


solution as they were in serum, when 7 
or 8% gum arabic was added to the 
solutions. Tests carried out in the pres- 


ent investigation failed to confirm this 
conclusion. Moreover, when the viscos- 
ity of Locke solution was adjusted to 
that of serum by the addition of gum 
arabic (relative viscosities were meas- 
ured with an Ostwald 
there was no increase in activity of the 
blood that in Locke 
solution alone. The results are presented 


viscometer), 


white cells over 


in table 2. 
Complement.—Still another explana- 
tion for the activity of leukocytes in 


TABLE 3.—Effect of heat on guinea pig serum 
L ’ g g 


Difference 


Guinea pig se 
ru A pig serum of means 


Leukocytes - 
suspended in: Heated Un- 
at56C heated 


Standard 
error o! 
difference 


Opacity of cytoplasm 

Brownian motion of 
granules 

Pseudopod formation 

Motility 

Diameter (in microns 

Degenerative changes 

Adhesion to slide 

Percentage phagocytosis 


0.4* 0.4 0 


3.6 0 
3.3 0 
1.6 0 
14.5 1 
0.1 1 

1 

1 


eww 


WNmnNuUnN 


3.6 
61.7 


0 
5 


— 
aw 
oa 


* The figures represent mean values of 56 measurements 


Except where indicated, readings were made on the basis 


f 0 to 4, 4 being the maximum value 


normal serum was put forth by De- 


launay and Pages.? These workers, 


studying chemotactic attraction of 
guinea pig white blood cells to starch 
granules, presented evidence to support 
the theory that complement was the 
critical substance. 

In an attempt to verify this conclu- 
sion a sample of fresh, normal guinea 
pig serum was divided into two equal 
portions; one portion was heated at 56 
C for 30 minutes to inactivate comple- 
ment, and the other was a control. The 
data presented in table 3 clearly show 


that any effect of 
motility is extremely doubtful. 


complement on 
In the 
few tests run with anthrax bacilli pre- 
sent, no effect on phagocytosis was 
noted. No attempt was made to study 
the 
chemotaxis. 


relationship of complement to 


Effect of serum from other species: 
specific antileukocyle serum 
and normal serum 


Deleterious effect of fresh serums.—A 
specific antiserum against guinea pig 
leukocytes, prepared by injecting rab- 
bits intraperitoneally with a washed 
suspension of cells from _ peritoneal 
exudate of guinea pigs, was available. 


When 


homologous leukocytes by means of the 


this antiserum was tested on 
warm stage technique described above, 
it was found that 


motile, 


the cells were non- 
abnormal in appearance, and 
showed clumping in high dilutions of 
the When control 


containing normal rabbit serum in place 


antiserum. tubes 
of the antiserum were examined, how- 
ever, the results were identical except 
that clumping was not as pronounced. 
Repeated with rabbit 
serum, using normal guinea pig serum 


tests normal 
as a control, confirmed these findings. 
Similar experiments were then car- 
ried out with normal serum specimens 
from rats, chickens, sheep, and humans. 
In all cases the results of contact of the 
the 
guinea pig with serums of other species 


polymorphonuclear leukocytes of 


seemed to be: increased viscosity of the 
cytoplasm (as evidenced by decreased 
Brownian motion of the cytoplasmic 
granules), decreased cell diameter, in- 
ability to adhere to solid surfaces, 
increased tendency to clump, (over that 
in guinea pig serum), and a complete 
absence of motility and pseudopod 
formation. Degenerative changes ranged 
from the formation of vesicle-like erup- 


tions at the surface of the cell in rab- 
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bit serum to a complete separation 
of the cell wall from the underlying 
structures and a subsequent clump- 
ing of the cell contents at the center 
of the cell in chicken serum. A sharp 


TABLE 4 


cytes in normal rabbit serum 


Activity of guinea pig leuko- 


Difference 

Normal of means 

guinea 
pig 

serum 


Normal 
rabbit 
serum 


Leukocytes - 
suspended it Standard 
error of 
difference 


~ 


Opacity of cytoplasm 

Brownian motion of 
granules 

Pseudopod formation 

Motility 

Diameter (in microns 

Degenerative changes 

Adhesion to slide 

Clumping of cells 

Percentage phagocytosis 


ucewcowrewGS 
ANNROUMOw 


wn 
wn 


* The figures represent the mean values of 158 measure- 
ments 

kacept where indicated, readings were made on the basis 
of 0 to 4, 4 being the maximum value 


decrease in phagocytosis occurred along 


with the effect on other activities. 


The the 
serum are presented in table 4. The re- 


results of tests with rabbit 


sults using other serums were very 


similar with the exceptions noted above. 


PABLE 5 


Effect 


Rabbit serum 
heated 
Leukocytes s 56 ¢ 


spended in at 
A 


Opacity of cytoplasm 
Brownian motion of granules 
Pseudopod formation 
Motility 
Diameter 
Degene 


in microns) 12 
hanges 0 
Adhesion to slide 2 
Clumping of cells 1 

21 


} - seeinaeel 
Percentage phagocytosis 


rative ¢ 


* The figures represent tt 


Except where in ated 


lhe inability of serums of other spe- 


cies to support the activity of guinea 


pig leukocytes might be explained in one 
of two ways. Either there is some es- 
sential substance in guinea pig serum 
which is absent in the other serums, or 
there is a substance present in hetero- 
which is harmful for 


logous serums 


guinea pig leukocytes. The first of these 


Normal 
rabbit 
serum 
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possibilities seemed rather unlikely, as it 
would be difficult to attribute the rapid 
onset of degenerative changes to the 
lack of an essential supporting material. 
The second possibility was tested by an 
attempt the presence of 
harmful substances in rabbit, sheep, 
human, rat, and chicken serums. 

The effect of heat on the damaging 
action.—The possible presence of a heat 
labile deleterious factor was investigat .d 
by heating an aliquot portion of a 
serum sample at 56 C for 30 minutes 
and then testing the sample and an un- 
heated portion as a control. Such ex- 
periments were carried out with each 
of the different serums which had been 


to discover 


tested above. The results of the tests 
using heated and unheated rabbit serum 
Results with 
serums of other species were substan- 


are presented in table 5. 


tially the same. The data presented 
clearly indicate the presence of a dam- 
aging substance, or substances, which 
may be at 
by heating at 56 C for 


least partially destroyed 


30 minutes. The 


of heat on damaging action of rabbit serum. 


Normal 
guinea 
pig serum 


Difference of means 
Standard error of difference 
Cc A&B 


A&C B&C 


0 


~ 


10 


9 


= ts 
Nowe 


nN 


3 
2 
2 
14 

0 


3 
0 


—nw 
NUN oO 
AADrmennwv 


° 


e mean values of 51 measurements 
. readings were made on the basis of 0 to 4, 4 being the maximum value 


difference in activity of the leukocytes 
in the unheated serum from that in the 
heated serum was rather general and 
was reflected in all measurements made 
in these experiments. Longer heating 
or heating at slightly higher tempera- 
tures failed further the 
activity of the leukocytes. 

Altempts to adsorb deleterious factors 


to increase 





EFFECT OF SERUM ON GRANULOCYTES 


raBLe 6.—Effect of adsorption with leukocytes on damaging action of rabbit serum 


Rabbit serum 


Leukocytes suspended in 
A 


| 
| 


Opacity of cytoplasm 
Brownian motion of granules 
Pseudopod formation 
Motility 
Diameter (in microns) 
Degenerative changes 
Adhesion to slide 
Clumping of cells 


00 tN dm dm OO | 
> 


neo 


Adsorbed Normal] 


Normal 
guinea 
pig serum 


Difference of means 
Standard error of difference 


A&B 


A&C B&C 
6 
6 


5 


Nie ww ww 
Iwoeucow 


* The figures represent the mean values of 30 measurements 


Except where indicated, readings were made on the basis of 0 


on the surface of guinea pig leukocytes.— 
An effort was made to remove the dam- 
aging substance from rabbit serum by 
adsorption with a heavy suspension of 
guinea pig leukocytes. This was ac- 
complished by mixing the serum sample 
with an equal volume of washed, packed 
cells and incubating at 2 C with con- 
stant, mild agitation for 2 to 4 hours. 
the factor 
the activity of fresh 
the 
after adsorption as compared to non- 


The degree of removal of 
was judged by 
guinea pig leukocytes in serums 
adsorbed serum and normal guinea pig 
controls. 

It can be seen from the data in table 
6 that 


some constituent of the serum 


was adsorbed onto the cells and was 
thus removed with them when the sus- 
pension was centrifuged and the super- 
natant serum decanted. This indicates 
that the damaging factor is a substance 


which can be adsorbed onto the surface 


TABLE 7 


guinea pig leukocyte 


Normal 
rabbit 


After susy 


Leukocytes suspended ir 


Rabbit 


serum 


Opacity of cytoplasm 
Brownian motion of granules 
Pseudopod formation 
Motility 

Diameter (in microns 
Degenerative changes 


Adhesion to slide 0.5 


* The figures re l 


he mean val 10 measur 
readings were made on the basis 


~present t 
est 
pr t 


ndicated, 


ues of 
1 


Except where 


Guinea pig serum 

vension in 
Guinea 
pig serum 


to 4, 4 being the maximum value 


such an 
adsorption as a possible mechanism for 
its action. Adsorption at 37 C rather 


of leukocytes and suggests 


than at 2 C gave essentially the same 
results, and similar experiments with 
serum of other species also showed the 
same effect. Attempts to remove more 
of the material by repeated adsorption 
with fresh cell suspensions, allowing 
each suspension to remain in contact 
with the serum for 10 hours at 2 C, were 
unsuccessful. Furthermore, the damag- 
ing effect of the treated serum was as 
that 
gesting that on prolonged contact elu- 


great as of the untreated, sug- 
tion of the adsorbed material occurs. 
Irreversibility of deleterious effects. 
To determine whether the deleterious 
effects of the serums were permanent 
or reversible and whether they were due 
to the presence of an adsorbed substance 
on the cell surface, the leukocytes were 


suspended first in the serum to be in- 


Effect of previous contact with rabbit serum upon the activity of 


in homologous serum. 


Normal 
guinea 
pig serur 


Difference of means 


Standard error of difference 


( D A&B A&D C&D B&D 
9.0 
8.9 
5.4 
4.6 
14.4 
5.6 
8.4 


0.8 
0.8 
0.0 
0.0 
0.8 

1.1 
0.0 


0.5 
0.8 
0.9 
0.6 

1.9 


ements 


f0to 4,4 vaximum value 
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vestigated, incubated for 15 to 30 min- 
utes, carefully separated by centrifuga- 
tion, washed twice with normal guinea 
pig serum, and finally resuspended in 
normal guinea pig serum. The purpose 
of this procedure was to remove any 
substances adhering to the cell surface 
and thus indicate permanent damage 
by comparison of the activity of these 
that normal leuko- 
cytes in normal guinea pig serum. A 
further control was the activity of un- 
the various harmful 
summarizes these ex- 


cells with of fresh 


treated cells in 
serums. Table 7 


periments and shows that the damaging 


raBe 8. 


yuinea pig serum: rabbit 


Leukocytes suspended ir 


Opacity of cytoplasm 
Brownian motion of granules 
Pseudopod formation 
Motility 

Diameter (in microns) 
Degenerative changes 
Adhesion to slide 

Clumping o 


4 
x 
9 
4 
6 
x 


we 


cells 


1lues of 8 measuremen 
on the basis 


* The figures represent the mean v 


Except where indicated, readings were made 


No 


change in activity occurred when the 


action is permanent. significant 


cells were washed free of heterologous 
serum and resuspended in normal guinea 
in 


Cells suspend first 


then 


serum. 
pig 
through the washing procedure showed 


pig 
guinea serum and carried 
no evidence of decreased activity. 

Effect with 


serum. 


pig 
Finally, experiments were un- 

to the effect 
dilution on the damaging action of the 


of dilution guinea 


dertaken determine of 
different serums. Fresh normal guinea 
pig serum was added to the heterologous 
the ‘¢. 


and are 


serums in following ratios: 1 


asz. T4. 1:100. The 


presented in table 8 and show a rather 


results 


marked reduction in deleterious effects 
when the rabbit serum was mixed with 
an equal volume of normal guinea pig 


serum 


1 
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lesser degree of 
volume 


serum. A somewhat 
reduction 
of guinea pig serum was added to two 


volumes of rabbit serum, and no effec 


occurred when one 


was noted with smaller amounts. 


Comparison of the effect of serum from 
the same and different guinea pigs 
on the activity of guinea 
pig leukocytes 
of 


The in the 


number of species of substances harm- 


presence serums a 
ful to guinea pig leukocytes suggested 
an investigation of compatibility within 


the species. To answer this question, 


—Effect of dilution on damaging action of rabbit serum 


Normal serum Difference of means 


100 Guinea Standard error of difference 


Rabbit 


samples of serums from a number of 


pigs were tested individually 
the 


kocytes of several guinea pi 


guinea 
polymorphonuclear — leu- 


In this 


against 
gs. 
manner it was possible to compare the 
activity of the leukocytes from guinea 
pig A when suspended in serum from 
guinea pig A, B, C, D, etc. Data from 
such studies are presented in table 9. 
It will be seen that the values are iden- 
the the 
technique used, thus eliminating the 
effect of 


various guinea pig serums on guinea pig 


tical within limits of error of 


possibility of differences in 


leukocytes, at least as far as could be 


detected by this method. 


The importance of ascorbic acid 


An interesting observation frequently 


noted during these studies was the varia- 
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tion in activity of leukocytes from dif- 
ferent guinea pigs even when suspended 
in the same serum sample. This vari- 
ability seemed to bear no relationship 
to the serum but was a reflection of dif- 
ferences in the leukocytes themselves 
The work of Nungester 


and Ames?* 


RA 
ea{ 


ABLE 9. ect of serum from one guinea 


pig upon the leukocytes of another 


pig 


tf 
guinea 


Difference 


of means 


Serum from 
guinea pig 


Standard 

error ot 

difference 

Opacity of cyt 0.9 
Brownian moti 
0 


3.8 


* The figures represent the mean values of 35 measure- 


pt where indicated, readings were made on the 
to 4, 4 being the maximum value 


basis 


/ 
ect oO 


10. * ff 


PABLI f ascorbic acid con 


of leuko yles fri 


d leve 


a 


0.3 0.31-0.60 0.61-0.90 


Opacit f 


Brownian motion of 


Motili 

Diameter (in microns 

Degenerative changes 
hesion to slide 


imping 
Percentag 


Cl 
* The 
Exce} 


t These figures 


ft 291 measure 
on the basis 


present the mean values « 
ted, r 
7 
ill 


se figures re 
t where ind adings were made 


exudates with ascorbic 


include acid va 


has shown that the ascorbic acid content 
of the donor animal and the phagocytic 
ol 
In 


acid 


the leukocytes are directly 
the work 


assays 


activity 


related. reported here, 


ascorbic were made rou- 
tinely* on the exudates, and an attempt 
was made to correlate the ascorbic acid 
values of the exudates with the activity 
of the leukocytes obtained from them. 


lhe data are presented in table 10. 


* Mr. D 


nining the values 


lonso is to be thanked for deter 


? 
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The results showed a significant in- 
crease in the activities of the cells as the 
vitamin C content approached normal 
levels (0.31 mg percent or higher). The 
ineasurements which showed signifi- 
diameter, 
and 


differences were cell 
formation, motility, 
phagocytosis. No further 
activity was observed when the ascorbic 
acid levels were increased even to 4 to 
5 times the normal concentration. 


cant 
psuedopod 


increase in 


DISCUSSION 
The combined use of darkfield illu- 
mination and a warm box technique 
the 
manifestations of activity by leukocytes 


permitted observation of several 
under a variety of exeprimental condi- 
tions. In this type of preparation, in- 
by the 


granular inclusions served as a rough 


tensity of Brownian motion 


centration in exudates upon the activiity 


ym these exudates. 


xudates-—mg percent Difference of means 


».91-1.20 1.21 Standard error of difference 


A&B B&C A&F B&F 


0 0.4 0.6 7 


3 
0 
8 
6 
0 


ry 4, 4 being the maximum v:z 

lues higher than 0.31 mg percent 
index to the viscosity of the cytoplasm. 
Changes in the opacity of the proto- 
plasm rather closely paralleled the ex- 
tent of Brownian motion of the granules 
and likewise seemed to reflect viscosity 
alterations. Studies on amebae‘ indicate 
that in 
pseudopod formation and ameboid mo- 


these cells the mechanism of 


tion depends upon the ability of cells 


to convert their protoplasm rapidly 


4. Mast, S. O. 1931, Locomotion in Amoeba 
Protoplasma, 14: 321 


proteu 
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from a sol to a gel and vice versa. It has 
been shown further that these changes 
may be stimulated by a variety of in- 
organic ions and organic materials which 
are capable of penetrating the cell wall. 
hus pseudopod formation and motility 
are correlated with changes in viscosity 
of the cytoplasm. This work has been 
applied to leukocytes by analogy.® 
Ameboid motion of leukocytes is also 
dependent upen the ability of the cells 
to spread out at the interface between 
the suspending fluid and a solid surface, 
such as a glass slide, and to become ad- 
herent to the solid material. When they 
blood 


spherical 


are free floating, white cells 


tend to assume a form. 
Changes from the spherical to the flat- 
tened form (which exists when the cells 
spread out at an interface) occur with- 


out any apparent change in volume. 


Hence, the cell diameter isa rather good 
criterion of spreading, if no pronounced 
osmotic changes have occurred. Meas- 
urement of the diameter of leukocytes, 
the 
slide and coverslip, and evidence of 


observations of their adhesion to 
pseudopod formation and ameboid mo- 
tion all serve as indicators of reaction at 
the cell the 


evidences of viscosity alteration, which 


surface, in contrast to 


probably reflect penetration of the cell 
by 
studies the ability to phagocytize has 


wall soluble materials. In these 


been closely associated with spreading, 
pseudopod formation, and motility, and 
therefore is possibly related to changes 
it the cell 


changes, 


surface as well as internal 


Though many investigators have re- 
ported normal cell activity by leuko- 


cytes suspended in a_ physiologically 


balanced salt solution, we have been 


unable to confirm these findings. In all 


’ 


instances there was a mark -d decrease 


P. H. 1946, The 
ammalian leucocyte in 


95:177 


ameboid move- 


ment of the 


ulture. Anat. Rec 
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in activity of cells suspended in Locke 
solution from that which occurred when 
the leukocytes were suspended in serum. 
Furthermore, a careful check of the 
literature showed that in almost every 
instance where normal activity in salt 
solutions was claimed, the leukocytes 
were obtained from whole blood and 
sufficient care was not taken to insure 
complete removal of serum from the cell 
suspension. This, along with the failure 
to confirm the findings of Friedemann 
and Schénfeld'! concerning the impor- 
tance of viscosity and those of Delaunay 
and Pages? on the role of complement in 
leukocyte motion, emphasizes the com- 
plexity of problems involved in studying 
the effect of serum on living cells. 

The demonstration of 
effect of specific antileukocyte serum 
(prepared in the rabbit) upon the poly- 


an adverse 


morphonuclear leukocytes of the guinea 
pig, and the subsequent demonstration 
of a very similar effect of normal rabbit 
the 
effect of other heterologous serums upon 


serum, led to an investigation of 


the white blood cells of this species. 
During the period from 1907 to 1916 


many workers‘ 


2 observed the presence 

St. 1907, 
Phagozytose durch normales Serum, Ztschr. 
f. Hyg. 56: 33 
Reudiger, G. F. and Davis, D. J. 1907, Phag- 
ocytosis and opsonins in the lower animals 
J. Infect. Dis. 4: 333. 

. Goodman, H. M. 1908, On the leukocyto- 
toxins of normal serum. J. Infect. Dis. 5: 173. 


Bicher, Uber Beeinflussung der 


Porges, O. 1909, Ueber Opsonine fiir Starke. 
Ztschr. f Immunitiats forsch u. exper. Therap 
2: 4. 

. Ruchladew, N. 1910, Untersuchungen zur 
Kritik der Methodik Chemotactischer Ver- 
suche und zur Biologie der 
Ztschr. f. Biol. 54: 533. 

. Léhner, L. 1915, 

und ihre Beziehungen zur Phagozytose und 
Blutsverwandtschaft. Pfliiger’s Arch. f. d. 
ges. Physiol. 162: 19. 
Keitler, H. and Wolfsgruber, R. 1916, Ueber 
Beeinflussung der Phagozytose Pfer- 
deleukozyten durch menschlichen Serum. 
Wien. klin. Wehnschr. 29: 1429. 


Leukozyten. 


Uber Normalleukotoxine 


bei 
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of “leukocytotoxins” in heterologous 
serums, after which time the subject 
received little attention. The most fre- 
quently observed effects of the ‘‘leu- 
kocytotoxins’’ was inhibition of phago- 
cytosis and degenerative cell changes, 
both observed in stained smears. 

In the present work, rabbit, rat, 
sheep, human, and chicken serums were 
found to damage guinea pig leukocytes 
in that order, chicken serum being the 
most effective. The presence of a sub- 
stance or substances in the heterologous 
serums which were responsible for the 
deleterious effects seemed rather evident 
in view of the fact that damage to the 
cells was irreversible and exposure for 
even a brief interval resulted in perma- 
nent changes. This view was substan- 
tiated by the finding that the ability 
of such serum to damage leukocytes 
was markedly diminished if the serums 
were heated at 56 C for 30 minutes prior 
to the addition of the cells. It 
further strengthened by the demonstra- 
harmful effect 
when the serums were previously ad- 


was 


tion of a reduction in 
sorbed with guinea pig leukocytes. 

The partial elimination of the damag- 
ing action by heat and the demonstra- 
tion that it could be removed by diluting 
the heterologous serums with an equal 
volume of guinea pig serum suggested 
a possible relationship to complement. 
This, however, appeared unlikely when 
the species distribution was examined. 
Species distribution also eliminated 
Forssman antibodies as suspects in this 
connection. 

Failure to remove all the damaging 
action of heterologous serums either 
by heating at 56 C or by adsorption 
techniques suggests the possibility of 
there being two or more substances pre- 
sent in such: serums which are respon- 
sible for effects noted. 

Results using 


naturally 


heterologous serums 
the 


the 


mind 
question of compatibility within 


very brought to 
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species. Tests made using cells from one 
guinea pig with serum from the same 
and other guinea pigs failed to show any 
the ability to support 
leukocyte activity. The results of these 


differences in 


experiments were very clean cut. 

The relationship of ascorbic acid nu- 
trition in the donor animals to the ac- 
tivity of the leukocytes which they pro- 
duced was very interesting. As pre- 
viously noted, cells from exudates which 


had 0.31 
mg percent or higher were quite active, 


vitamin C assay values of 
and increased concentrations of ascorbic 
acid failed to give cells with greater ac- 
tivity. On the other hand, leukocytes 
from exudates with a level of vitamin C 
below 0.30 mg percent were definitely 
less active. Blood ascorbic acid values 
were run in each instance, and while 
blood levels and exudate levels were not 
identical, there was a marked parallel- 
ism between the two 

Pseudopod formation, motility, and 
phagocytosis were the measurements 
affected by variation in ascorbic acid 
The fact that 
activities increased until normal levels 


concentration. these 


were attained and then showed no 
further change would seem to suggest 
that vitamin C may play a part in ini- 
tiating these activities but cannot cause 
an increase once they have begun. The 
of action, however, 
The 


suggested that the action might take 


exact mechanism 


is not known. work of Reid® 


place at the cell surface and be tied up 


with the release of calcium for intra- 


cellular use. This was supported by 
Ames et al,'* who found at the cell sur- 


face a concentration of a material which 


strongly reduced silver nitrate. 


13. Reid, M. E. 1943, Interrelationships of cal- 

cium and ascorbic acid to cell surfaces and 

intracellular substances and to physiological 
action. Physiol. Rev. 23: 76. 

. Ames, Ada M., Alonso, D. and Nungester, 
W. J. 1948, The correlation between the as- 
corbic acid content of tissues and phagocyto 
sis. Proc. Soc. Am. Bacteriologists, 92. 
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SUMMARY 


1. Astudy has been made of the effect 
of serum on the activity of the poly- 


morphonuclear leukocytes of the guinea 


pig using a warm stage darkfield tech- 
nique. Measurements were made of the 
Brownian 
motion of the granules, pseudopod form- 


opacity of the cytoplasm, 
ation, ameboid motion, cell diameter, 
degenerative changes, adhesion to solid 
surfaces, clumping and _ phagocytosis 
of leukocytes. It combines several well 
known techniques to make possible the 
observation of these phenomena in a 
single preparation under carefully con- 
trolled conditions 


) 


2. Homologous serum was essential 


for the normal activity of the poly- 
morphonuclear leukocytes of the guinea 
pig. Replacement of the serum with a 
balanced salt solution did not furnish 
optimum conditions. Adjustment of the 
viscosity of these solutions to that of 
serum by the addition of gum arabic 
also failed to provide the necessary con- 
ditions for normal leukocyte activity. 
lhe presence or absence of complement 


played no role 


3. Serums of the rabbit, rat, sheep, 
chicken, sub- 
the 
the 


guinea pig. This harmfulness was evi- 


and human contained 


stances which were deleterious to 


polymorphonuclear leukocytes of 


denced by a loss of pseudopod forma- 
tion, motility, and phagocytosis. The 
cells were no longer able to adhere to 
glass surfaces. They tended to become 
spherical and opaque and to show de- 
generative changes. The effects were not 
reversible but could be partially de- 
stroyed by heating at 56 C for 30 min- 
utes. Adsorption with guinea pig leu- 
kocytes removed some of the deleterious 
action. The ability of rabbit serum to 
reduce leukocyte activity disappeared 
upon dilution with guinea pig serum, 
1:1 dilution being most effective. 

4. Serum from other guinea pigs was 
just as effective in supporting the ac 
tivity of a given leukocyte preparation 
as Was serum from the donor of the cells. 
5. A 


in the exudate was required for the 


definite level of ascorbic acid 


initiation of pseudopod formation, 


motility, and phagocytosis. Increased 


amounts of ascorbic acid did not in- 


crease these activities 





THE SULFONAMIDES AS FACTORS IN INCREASING 
SUSCEPTIBILITY TO PARASITIC INVASION 


LEVON A. TERZIAN 


From the Naval Medical Research Institute, Bethesda 14, Maryland 


There is a massive literature on the 
phenomena of acquired immunity, but 
there appears to be litthe known con- 
cerning the factors which govern the 
innate immunity of organisms to infec- 
tious agents, other than the negative 
information that cellular or antibody 
factors seem to play little or no part. 
In this paper the expression ‘“‘innate im- 
munity” is used to indicate the initial, 
inherent or constitutional degree of sus- 
ceptibility or resistance of a host animal 
to a specific parasitic agent. 

The 


particularly 


malarial-infected is 


mosquit« 


well adapted for studies 
designed to determine the probable role 
of specific biochemical factors in the 
host-parasite relation. With this host, 
it is possible to dissect out the stomach, 
and by counting all the odcysts present 
the to 


exactly the total parasite population of 


on stomach wall, determine 


each individual mosquito. This precise 


measure of the intensity of the infection 
thus makes it possible to evaluate ex- 
perimental differences in parasite popu- 
lation between individual mosquitoes 
and groups of mosquitoes on a strictly 
quantitative basis. Furthermore, meth- 


ods have 


already been devised for 
administering specific chemical or bio- 
chemical compounds in the mosquito 
diet and maintaining small mosquito 
colonies on these regimens for varying 
periods of time.'* The present studies 
Received for publication May 26, 1950. 
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were undertaken to determine whether 
specific biochemical compounds, thus 
administered, could be shown to affect 
the susceptibility of the mosquito Aedes 
aegypti to the avian malarial parasite 
Plasmodium gallinaceum. 


MATERIALS AND METHODS 


Ir 


1 these experiments, laboratory strains of A 
aegypti were infected with a strain of P. galli- 
naceum designated as the 8A strain. The com- 
pounds to be evaluated were prepared in solu- 
tions calculated in terms of the salt, and were 
added in various concentrations to a 4 % sugar 
nutrient solution used as the standard mainte- 
nance diet for infected mosquitoes. There was no 
mortality in either the control or the experimental 
groups during the time required to complete an 
experiment. 

rhe mosquitoes were set up in cylinders in 
groups of 50 females, and for each experiment, 
mosquitoes of the same age, derived from the 
used. In all the experi 
solutions were 


same larval colony, were 
made 
available to the adult mosquitoes 24 hours after 
emergence, and the mosquitoes were then main- 
tained on these solutions for the next 72 hours 
in order to allow them to build up the drug level 
prior to their exposure to the infective blood 
meal. At the end of the 72-hour period the mos- 
quitoes were then exposed to a chick infected 
with P. gallinaceum. Feeding was usually com- 
pleted within a matter of 10 minutes, following 
which all the unfed females were culled out of 


ments, sugar and drug 


the cylinders. Meanwhile, drug administration 
was continued until the completion of an experi- 
ment 

': was found that when a series of mosquito 
gicuo were fed consecutively, even though on 
the same chick, there were, in some cases, signifi- 
cant differences in the odcyst counts of each 
group, unrelated to any experimental procedure 
or diet. For example, if 4 cylinders were infected 
in consecutive order on the same bird, there 
could be a significant difference between the 
oécyst counts of the mosquitoes from cylinder 1 
and the odcyst counts of the mosquitoes from 
cylinder 4, even though the total time elapsed 
between the first and last feeds inclusive might 


S 
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not exceed 


one hour. For this reason, each group 
or cylinder of mosquitoes maintained on a specific 
drug diet was paired with its control group, 
maintained on sugar alone, and both groups were 
fed simultaneously on the same bird. This proce- 
dure eliminated the possibility of error due to a 
lapse in time between feedings of individual 
groups. 

In evaluating the intensity of the parasitemia 
in the mosquito the procedure was to count the 


600 


NUMBERS 
ve 
° 
° 
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° 
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day of the infection, the day of the infective 
blood meal being designated as day 0. The con- 
trol groups were usually counted on days 5 and 6, 
and since some of the drugs subsequently in- 
hibited parasite development the experimental 
groups were counted on days 7 and 8. In those 
cases in which there was no subsequent inhibition 
of the parasite all counts were completed by day 
7, since by day 8 the odcysts begin to rupture. To 
eliminate any possibility of error due to counts 
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the odcyst densities of mosquitoes infected with P. gallinaceum maintained 


sugar solutions as compared to infected mosquitoes maintained on sugar with 0.1% 


ide added and on sugar with 0.1% sulfadiazine added. 


number of odcysts present on the entire 
ition of approximately 300 


meter Since the il 


ita magnihs 


iwount 


of blood taken up 
the mosquito determines the parasite dosage 
ind this could affect the total number of odcysts 


present on the stomach wall, it was necessary to 


ontrol such variation by producing adult mos- 


quitoes of nearly unifo Weight measure- 


rents of such osquitoes, made both before and 


ilter feeding 


showed no significant differences 


between individuals, and between control and 


experimental groups, either in the prefeeding 


weights of the mosquitoes or in the calculated 


weights of the blood In general, odcyst 
done on 


6th, 7th and 8th 


meals 


counts were the 5th 


being made on different days of the parasite cycle, 
in many experiments odcyst counts of the con- 
trol groups and the experimental groups were 
both made on the same day 


RESULTS AND COMMENTS 


In figure 1 each point represents an in 
dividual mosquito, while the level of 
infection or the total number of oécysts 
present on the stomach wall of each is 
shown by the scale on the left of the 
figure. The total number of points within 
a column represents the total number of 
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mosquitoes within a group, since in 
each experiment all the mosquitoes 
within a group were dissected and the 
total number of odcysts on the stomach 
wall of each determined. From the data 
presented in these two representative 
experiments, it is evident that both 
sulfanilamide and sulfadiazine, admin- 
istered in the mosquito diet in a 0.1 
% concentration, have increased the 
susceptibility of the mosquito A. aegypti 
to the avian malarial parasite P. gal- 
linaceum. This fact is evidenced by the 
significantly higher oGécyst densities 
in each of the experimental groups 
shown as compared to their paired con- 
trol groups. Although there is consid- 
erable variation in the odcyst counts 
of the various individuals within a given 
group, nevertheless, there is a specific, 
statistical consistency about the distri- 
bution in the counts within a group of 
this size, for it has been found that in- 
the 
within a group, to numbers higher than 
those in the experiments cited, does not 


creasing number of individuals 


significantly affect the relative distribu- 
tion according to oécyst density. Exam- 
ination of the data for experiments 125 
and 108, presented in figure 1, shows 
that in cylinder 125-10, maintained on 
3..% 


cylinder 
Lf 


and again in 


maintained on 0.1 


sulfanilamide, 
108-14, 
> sodium sulfadiazine, there is a more 
than considerable shift upward in the 
odcyst densities of the mosquitoes in 
these groups, as compared to the in- 
dividuals in their respective paired con- 
trol cylinders, 125-09 and 108-13. For 
in experiment 125, in the 
control group 125-09, there were only 
3 mosquitoes with counts above 150 
oécysts per mosquito, the highest single 
count 200 odcysts. On the 
other hand, in experimental cylinder 


example, 


reaching 


125-10, there were 24 mosquitoes with 
counts of 150 odcysts or higher, and in 
this case the highest single count soared 


to 505 odcysts. Although it would appear 
as if the increase in susceptibility is 
more pronounced in those individuals 
which have a comparatively lesser re- 
sistance to the parasite, nevertheless 
the effect is equally marked in those in- 
dividuals which apparently have an in- 
herently greater resistance. Thus, there 
were in control cylinder 125-09, 17 
mosquitoes with below 50 
odcysts, while in experimental cylinder 
125-10 there were only 3 individuals 
with counts below 50 odcysts. Similarly, 
in experiment 108 there is the same sig- 
nificant shift upward in the ovcysi 
densities of the individuals in the ex- 
perimental group 108-14 as compared 
to its paired control group 108-13. In 
cylinder 108-13 there were only 3 in- 
dividuals with counts of 


counts 


200 or more 
oécysts, with 360 odcysts as the single 
highest count, while in group 108-14 
there were 21 mosquitoes with counts of 
200 oécysts or higher, the highest single 
count reaching 605 odcysts. And again, 
there is evident the same upward shift 
in ojcyst counts even among the more 
resistant individuals. These differences, 
when tested in a three by two chi square 
table, show P to be less than 0.01 for 
both experiment 125 and experiment 
108. Similar tests were used for all the 
experiments cited and constitute the 
basis for the statement of P values. The 
P values for all experiments cited are 
summarized in table 1. 


It is important to note that this 


specific effect of increasing the suscep- 
tibility of the mosquito host, A. aegypti, 


to the avian malarial parasite, P. gal- 
linaceum, requires a specific optimal 
drug concentration. This is shown by 
the data presented in figure 2. Again, 
as indicated by experiments 123 and 
124, in the groups maintained on an 0.1 
% drug concentration, there is a marked 
increase in susceptibility to the parasite 
as evidenced by the significant increase 
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TABLE 1.—The chi square and probability values for the experiments cited in the te: 


Experiment ‘ 1 
a Group no. and regimen hi square Probability 
bird no : 


1952 125 Sugar) vs 10(0.1 S-amide) 18.093 
523 Sugar vs 14(0.1 S-diazine) 14.900 


976 3(Sugar vs 16(Sugar) 0.9576 
Sugar) vs 14(0.1 S-amide) 9 
Sugar) vs 15(0.2 S-amide) 8 
0.1 S-amide) vs 15(0.2 S-amide) 10 


Sugar) vs 12(Sugar) 2 
Sugar vs 10(0.1 S-diazine) 7 
Sugar) vs 11(0.2 S-diazine) 1 
0.1 S-diazine) vs 11(0.2 S-diazine) 4 
Sugar vs 18(Sugar) 0 
Sugar) vs 14(0.1 S-diazine) 10 
Sugar) vs 17(0.1 S-diazine 
plus 0.2 PABA) 0.000 95 
0.1 S-diazine) vs 17(0.1 S-diazine 
plus 0.2 PABA) 10.734 <0.01 


on to Dr. E. A. Jerome, who was responsible for all the statistical 


in odcyst numbers. The differences be- and the differences between cylinder 
tween cylinder 123-14, maintained on 124-10, maintained on_ sulfadiazine, 
sulfanilamide, and its paired control and its paired control 124-09, are sig- 
123-13, are significant at the 1 % level; nificant at the 5% level. With either 
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drug, however, at a concentration of 
0.2% the effect of the drug is consider- 
ably decreased. The differences between 
group 123-15, maintained 
sulfanilamide, and its paired control 
cylinder 123-16 are less significant; and 


on 0.2% 


the differences between cylinder 124-11, 
maintained on 0.2% sulfadiazine, and 
its control cylinder 124-12 are not at all 
significant. Thus, in both experiments 
there is a consistent and obvious decline 
in odcyst numbers in the groups main- 
tained on an 0.2% drug concentration 
as compared to the mosquitoes main- 
tained on an 0.1% concentration. It 
should be noted that in each separate 
experiment cited in this study all the 
mosquitoes were fed on the same in- 
fected chick. For example, control cylin- 
der 123-13 and its experimental pair, 
123-14 were fed simultaneously on bird 
976, and then control cylinder 123-16 
and its experimental pair, 123-15, were 
fed about 15 minutes later on the same 
bird. This fact, that all the mosquitoes 
in a specific experiment received their 
infective meals from the same chick, 
provides a basis for comparison between 
the two control groups in each experi- 
This 


more evident 


ment. comparison makes 
the fact that 
exptrimental groups maintained on the 
0.2% 


and 


even 
in the two 
concentration of sulfanilamide 


sulfadiazine the effect on the in- 
nate susceptibility of the mosquitoes to 
the parasite has declined. The reasons 
for this evident loss in drug activity at 
higher concentrations are not clear as 
yet and require additional investigation. 

In a representative experiment cited 
in figure 3, evidence is presented to show 
that in increasing the susceptibility of 
this host to the infectious agent, sulfa- 
diazine is acting through a mechanism 
related to the para-aminobenzoic acid 
metabolism of the host. Again, based 
upon the frequency distribution accord- 


ing to odcyst numbers there is evident 
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a significantly increased susceptibility 
to infection in the mosquitoes in group 
136-14, maintained on an 0.1% concen- 
tration of sulfadiazine, as compared to 
the mosquitoes in the paired control 
group 136-13, 
alone. On 


maintained on sugar 
the other hand, there is no 
difference in the relative frequency ac- 
cording to oécyst numbers between the 
mosquitoes of group 136-17, maintained 
on a regimen of 0.1% sulfadiazine plus 
0.2% para-aminobenzoic acid, and its 
paired control group 136-18,maintained 
on sugar, so that each group resembles 
the other, and both differ to the same 
extent from group 136-14. Thus, it is 
evident that para-aminobenzoic acid, 
administered in the mosquito diet in a 


©) along with the 


concentration of 0.2 
0.1% sulfadiazine, completely inhibits 
the action of sulfadiazine and nullifies its 
effects on the susceptibility of the host. 
The fact that in increasing the sus- 
ceptibility of A. aegypti to P. gallina- 
ceum, sulfadiazine is acting through its 
relation to para-aminobenzoic acid me- 
tabolism and the fact that it has already 
shown that 


been para-aminobenzoi 


acid is essential to the economy of the 


parasite during a specific stage in its 
developmental cycle in the invertebrate 
host? lends support to the assumption 
that in increasing host susceptibility to 
the parasite, the sulfonamides are acting 
directly on the host. There is little rea- 
the lack of 
could at 


son to believe that para- 


aminobenzoic acid time 
the the 


virulence of the parasite when at another 


one 


increase invasive powers o1 


time this lack completely arrests its 
further development. It is not unlikely, 
that the 
depriving the host of its available para- 
aminobenzoic acid, 


therefore, sulfonamides, by 
disturb or remove a 
factor essential to the innate immunity 
mechanism of the mosquito, thus af 
fecting the inherent equilibrium in this 
host-parasite relation. 
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A comparison of the oécyst densities of mosquitoes maintained on 0.1% sulfadiazine and 


of mosquitoes maintained on 0.1% sulfadiazine with added 0.2% para-aminobenzoic acid. 


SUMMARY AND CONCLUSIONS 


1. It has been demonstrated quan- 
titatively that a specific biochemical 
compound can influence the innate im- 
munity of a host to a specific parasite. 
Thus, it has been shown that sulfanila- 
mide and sulfadiazine, administered in 
0.1%, the 
diet, will increase the innate suscepti- 


1 


bility of Aedes aegypta to Plasmodium 


concentration in mosquito 


gallinaceum 
2. The 


fonamides 


maximal effect of these sul- 


depends upon a_= specific 
the 


when sulfanilamide 


optimal drug concentration, and 


effect is decreased 


and sulfadiazine are administered in 


0.2% 


diet. 


concentration in the mosquito 


3. Para-aminobenzoic acid, adminis- 
tered in sufficient concentration along 
with effective concentrations of sul- 
fadiazine, inhibits the action of sulfadia- 
zine and nullifies its effects on the sus- 
ceptibility of the host. 

4. This relation of metabolite to in- 


nate immunity may well be fundamental 


to the mechanism of innate immunity in 
animals in 


general, in which case it 
may provide in part an explanation for 
the nature of 


nate 


the mechanisms of in- 


immunity and of host-parasite 


specificity. 





THE PLACENTAL TRANSMISSION OF ANTIBODIES AND 
SERUM y GLOBULINS 


SHELDON G. COHEN 


From the Addison H. Gibson Laboratory of the School of Medicine of the 


University of Pittsburgh, 


As the maternal and fetal blood 
course through independent channels, 
antibodies, as serum proteins, must en- 
counter the placental barrier 
their entrance into the fetal circulation 
can be accomplished. Branches of the 
umbilical artery and vein of the fetus 
terminate in villi surrounded by pools 
of maternal blood within the uterus, and 
it is through these that interchange of 
constituents the 


before 


of two circulations 
takes place. 

The passage of substances from the 
maternal blood to the fetus may occur 


by several different processes:'* simple 


diffusion, osmosis, selective absorption, 


activity of the chorionic epithelium, 
and probably other ill-understood mech- 
anisms. 

Many substances have been demon- 
strated to pass the placental barrier, but 
the fate of the plasma protein molecule 
is not clear. Plasma proteins have been 
found to be more concentrated on the 
maternal than the fetal side of the circu- 
lation.* Considering their large molecu- 
lar size, it has been felt that albumin 
and globulin probably do not pass 
through the placenta but are synthe- 
sized from their constituent amino acids 
by the fetal tissues.” 
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Though pathogenic bacteria,'* tryp- 
anosomes, and the malarial protozoan 
do not usually pass through the unin- 
jured placenta, spirochetes and viruses 
frequently do. The placental transmis- 
sion of serum antibodies in the human, 
rabbit, and guinea pig has been exten- 
sively studied and is accepted in these 
species, although this transfer does rot 
occur in the goat, sheep, cow, or horse.‘ 
those antibodies and 
found to be transmitted from the mother 
to the fetus in utero are:!*-4 


Among studied 
antitoxins 
against diphtheria and tetanus, typhoid 
agglutinins, bacteriolysins, complement 
fixing antibodies, agglutinins, hemoly- 
sins, precipitins, protein sensitizing an- 
tibodies, and isoagglutinins determining 
blood groups. Immune bodies against 
certain virus infections may likewise be 
the 
Blocking antibodies against pollen anti- 


transmitted through placenta.® 
gen evidently permeate the human pla- 
the 


sensitizing antibody or reagin is rarely 


cental membrane,’ although skin 


transmitted to the fetus.*:? 
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Sherman, W. B., Hampton, S. F. and Cooke, 
R. A. 1940, The 
antibodies in the skin sensitive type of human 
J. Exper. Med. 72: 611-621. 

D. and Eriksson, Z. 1931, Studies in 
ransmission of sensitization from mother 


20: 


Immunol 


placental transmission of 
allergy. 
Bell, S 
the t 
to child in human beings. J. Immunol 
447-458 





292 


Recent studies*~"’ all point to the fact 
that antibodies are modified serum glob- 
ulins and may be identical with or sim- 
ilar to the serum globulin fractions. 
Ascoli®® found that 
egg, cow, or horse serum were injected 
rabbits, 


if large amounts of 


subcutaneously in pregnant 
these proteins were found by precipitin 
tests in the serum of the fetus removed 
by Cesarean section one hour to several 
days later. However, if the heterologous 
protein was given orally or injected sub- 
cutaneously in small amounts then the 
fetal serum did not demonstrate the pre- 


Hol- 


cipitin reaction to these proteins. 


8. Liselius, A. and Kabat, E. A. 1939, Electro- 
study of immune sera and prified 


pnoretic 
ly preparations. J 
119-131 

Moore, D. H., Van der Scheer, J. and Wyck- 
off, R. W.G 


al anti horse sera. J. 


tipo Exper 


1940, Flectrophoretic study of 
pneumococ: Immunol. 
38: 221-230 

Cohn, E. J., Oncley, J. L., Strong, L. E. 
Hughes, W. L., Jr Armstrong, S. H., 


Jr. 1944, Chemical, clinical, and immuno- 


and 


logical studies on the products of human 
plasma fractionation. [. The characterization 
of the protein fractions of human plasma. J 
Clin. Investigation, 23: 417-432 

Williams, J]. W., Peterman, M. L. 
G. C., Goodloe, M. B., Oncley, J. I 
S.H. Jr. 1944, Chemical, clinical, 
and immunological studies on the products 
Electro- 


( ol mMO- 
and 


\rmstrong 


of human plasma fractionation. II 
phoretic and ultracentrifugal studies of solu- 
ilbumin and immune 


Investigation, 23: 


tions of human serum 
serum globulins. J. Clin 
433-436 
Br ind I 
Chemi 
on the products of human plasma fractiona 

m. IIL. Amino acid 
proteins. |. Clin 


Enders, J. I 


logical 


B. and Saidel, L. J. 1944 


ind immunological studies 


’ Kasse l 


} 


al lini 


omposition of plasma 
23: 437-444 


and 


Investigation 

1944. Chemical 

studies on the p oducts ol 
tionati X. The 


intil 


clinical 
immune 


con- 


SHELDON G. COHEN 


ford®* injected pregnant rabbits with 
crystalline egg albumin 5 days before 
term and found this protein in the serum 
of the newborn immediately after birth. 
Ratner, Jackson, and Gruehl‘ have been 
able to demonstrate transmission of pro- 
tein hypersensitivity from pregnant 
guinea pigs to their offspring 

This report presents additional evi- 
dence on the placental transmission of 
serum y globulins and antibodies in the 


pregnant rabbit 


MATERIALS AND METHODS 


rhe placental transmission of normal serum 
globulins and homologous antiserum in pregnant 
rabbits was studied noting whether or not these 
substances were transmitted through the pla- 
centa, their time of appearance in the fetal circu- 
lation, the relative titers in the maternal and fetal 
circulation, and whether or not any differences 


in the transmission of normal serum globulin 
and antibodies could be detected 

A series of pregnant female rabbits, near term, 
were given intravenous injections of either 300 
globulin 


150 or 300 mg normal 
10 ex 


mg of bovine serum y (Fracuon II, 


Armour) 1umMan serum y¥ 


globulin (Lederle), or f rabbit antibovine 


or antihuman y globulin serum of approximately 
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the same titer. At vaying time intervals ranging 
from 1 hour to 120 hours after receiving the in- 
travenous injection, termination of pregnancy by 
Cesarean section was done under ether anesthesia 
on one rabbit of each series. The fetuses were 
removed from the uterus and the umbilical cord 
rhe 
fetuses were then washed free of maternal blood 
and bled from the umbilical cord 


clamped and severed from the placenta 


the heart, the 
great vessels severed at the base of the heart, and 
the jugular and neck vessels 
where the 


In those instances 
amount of serum from the individual 
fetus was too small in quantity, it was necessary 
to pool serums of 2 to 3 fetuses for study. Imme- 
diately prior or during the removal of the fetuses 
from the uterus, maternal blood was collected 
either from the central artery of the ear or by 


cardiac puncture Placental blood was collected 
by placing the placenta in a small beaker, cutting 
it into small pieces, and allowing the blood to 
drain off. Serums from maternal, fetal, and pla- 
cental blood in any one series of animals receiving 
the same substance were studied by exactly the 
same technique 

Preparation f antiserum 


Healthy idult 


ilbino male Zealand strain 


rabbits of the New 


were immunized with heterologous serum 7 


globulin according to one of the following sched- 
ules: (1 


intravenously 4 times a week for 


human serum ¥ globulin (Lederle), 5 mg 


3 weeks; (2 


bovine serum y globulins (Fraction II, Armour 


that had been alum precipitated to give a concen- 
tration of 1.5 mg of globulin per ml in physiologi- 


cal saline, 16 injections, 4 per week consisting of 3 


injections of 1 ml, 3 of 1.5 ml, 4 of 2 ml, 4 of 3 ml, 


and 2 injections of 5 ml. Seven days following the 


final injection the animals were bled by cardia 


puncture. The serum of each animal was titrated 


and those of like titer were pooled. 


inalysis of serum content.—Qualitative tests 


for homologous serum globulin were made by 


the “ring test” 


method. Rabbit antiserum (bo- 


vine or human y globulin) with an antibody titer 


of 1:640 and capable of detecting 1 part of anti 
gen per million was placed in a 7 mm tube. By 


means of a capillary pipette the serum to be 


tested (maternal, placental, or fetal), to which 


had been added a minimal amount of physio 


logical saline, was carefully layered on top of the 


it antiserum 


precipitate at the 


junction of the two after one-half 


hour 
ndicated a positive test denoting the presence of 


Where an 


ittempt was being made to detect the presence 


t 


globulin 


he species specific serun 


a saline solution of either 


globulin 1:10, 1:100, or 


ered on top of the unknown serum 


of antibodies in serum, 


human 


1:1000 was lay 
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being tested. Those serums that showed the pres- 
ence of the homologous y globulin or antibody 
for which the tests were made, were then further 
examined for antigen or antibody titers respec- 
tively, by precipitin tests. Antibody titer was de- 
termined by adding 1 cc of increasing double 
dilutions of serum in saline to 1 cc of antigen, 
1:5000. The tubes were incubated for one hour in 
a water bath at 37 C, then placed in the refriger- 
ator. Keadings were made at the end of 24 and 
48 hours. The antibody titer was read as the 
weakest dilution of serum that showed the pres- 
ence of titrations for 
heterologous y globulin content of serum were 
made by varying the saline dilution of the un- 


a precipitate. Similar 


known serum and keeping the specific anitserum 


constant with which the unknown serum was 


mixed and incubated. Control tests using normal 
rabbit serum and physiological saline were run 
simultaneously. 


RESULTS 

A series of 32 pregnant rabbits re- 
ceived heterologous serum y globulin 
intravenously, 19 received human vy 
globulin (3 were given 150 mg and 16 
received 300 mg), and 13 received 300 
mg of bovine y globulin. Studies on the 
maternal, placental, and fetal serums 
revealed that both the human and bo- 
vine serum ¥ globulins were transmitted 
through the rabbit placenta and that 
passage of both is essentially similar in 
all respects. The results of these findings 
table 1. Control 
studies on the maternal serum prior to 
administration of the protein showed 
the any the 
blood stream that might mask the test, 


are summarized in 


absence of substance in 
and thus all serum titers reported are 


true measurements. and 
four hours following the intravenous 
administration of the y globulin there 
was a marked and rapid drop in the titer 


of maternal serum. In 


Between one 


those animals 
that had received human y globulin the 
titer after one hour of circulation was 
1:1500; after 2 hours 1:500; at 4 hours 
1:100; and at 6 hours 1:80. Following 
this there was a slow gradual decline in 
titer in those animals studied during the 
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TABLE 


Human serum + 


y globulin 
of u te « titer t 
im* g fetal 


ject ic serum* 


y glob 


0§ 
0§ 
0 
0 
0 
0 
0 
0 


itrated against 
Control ipitir 
Received « 
Positive test on qualitative ring 
Positive test (precipitate noted 


anti 
test or 


y 150 n 


y titer 1:640 
n prior 


not done 


next few days. Between 24 and 48 hours 
the titer dropped to 1:40 and was de- 
termined at 120 hours 
the injection. A 
pattern was observed in those animals 


this level until 


after initial 


similar 
that had received bovine y globulins: 
Che 1 hour was 1:1280, at 2 
hours 1:200, at 4 1:80. It re- 
mained at this level until 48 hours when 
the titer was found to be 1:40; at 72 to 
96 hours it fell to 1:20 and at 120 hours 
it was 1:5. 


titer at 


hours 


The passage of heterologous 


serum globulin through the placenta 


was evidently a slow process, and in 
did the the 
placental serum reach that of the ma- 
ternal 120 hours of 


maternal blood 


neither instance titer of 


serum until after 
circulation through th: 
stream. In those animals that received 
human ¥ globulin none appeared in the 
fetal blood stream until after 10 hours. 
Ihe titer then rose slowly reaching 1:4 
at 12 to 16 hours, 1:10 at 48 to 72 hours, 
1:20 at 96 hours, and 1:40 at 120 hours. 
In those animals receiving bovine ¥ 
globulin, this was first found in the fetal 


serum after 10 hours, but in such small 


globulin administered 


Number of 
fetuses 
studied 


to injectior 


on qualitative ring test but a 


Heterologous species y globulin content of rabbit maternal and fetal serum following 
the intravenous administration of human and bovine y gobulin. 


Bovine serum y globulin administered 


y globulin titer 
of maternal 
serum* following 
injectionTt 


y globulin 
titer of 
fetal 
serum* 


Number of 
fetuses 
studied 


1280 


200 
80 
80 
80 


Se ee ee te 


&- one OxS 


in each instance was negative 


iter beyond 1:1 could not be determined 

amounts that it could not be detected 
by specific antiserum when diluted 1:2 
by saline. At 48 hours the fetal titer was 
1:5 and remained at this level until 120 
hours. In those animals which showed 
an absence of the administered serum y 
globulin in the fetal blood serum, the 
globulin was detected in the placental 
blood serum in the same or nearly the 
same titer as that found in the maternal 
serum. 

The placental transmission of homol- 
ogous antiserum differed from that of 
heterologous serum y globulin. The re- 
table 2. Ten 
pregnant rabbits each received 10 ml of 
rabbit antiserum (antibody titer 1:640) 
intravenously, 4 animals received anti- 
bovine serum y globulin, 6 received 
antihuman serum ¥ globulin. Dilutions 
of maternal and fetal serum were 


sults are summarized in 


nen 
studied for antibody content by precipi- 
tin tests after allowing the antiserum to 
circulate for 1, 2, 4, and 8 hours. The 
findings in both series of animals were 
Antibodies were 
in the fetal serum one hour after 


essentially similar. 


found 
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laB_e 2,—Comparative antibody titers of maternal and fetal serum following the intravenous 
administration of 10 cc of antiserum to pregnant rabbits. 


Time of 
circulation 
(hours) 


Antiserum 
administered 


Rabbi 
intibovine 
globulin 


Rabbit 

Antihuman 

y globulin 

Antibody titer 1:640 


following injection* 


Antibody titer of , ; 
Antide y tite 
maternal serum Antibody titer of 


fetal serum 


Number of 
fetuses studied 


16 4 


own 


1 
1 
a: 
1 


- 


wreowoe! 


1 
1 
1: 
1: 
1 
1 


ntrol precipitin test on maternal serum prior to injection in each instance was negative 


administration to the mother, the fetal 
titer being approximately one-fourth 
that of the maternal except in one animal 
in which the titers were equal. After 
two hours the fetal antibody titer was 
one-fourth to one-half that of the ma- 
ternal titer and they were equal at 4 and 
8 hours. 
DISCUSSION 

It is apparent from these resuits that 
the passage of serum antibody through 
the rabbit placenta differs markedly 
from the transmission of heterologous 
serum ¥ globulin. The rapid drop in the 
heterologous y globulin content of the 
maternal serum in the first few hours 
after its administration is similar to the 
findings of 
Ten 


Dean, Goldsworthy, and 
Broeck,” Dammin, and 
Bukantz, and Knox,* and may be at- 
tributed to the fact that these globulins 


Dixon, 


meet the fate of foreign proteins within 
the body of the rabbit undergoing dep- 


22. Dean, H. R 
Broeck, C. 
of injected horse serum from the blood of the 
rabbit. J. Immunol. 18: 95-103. 

Dixon, F. J., Dammin, G. J. and Bukantz, 
S. C. 1950, Effect of sensitization and irradia- 
tion on the fate of I labelled bovine gamma 
globulin in 
Proc. 9: 380 
Knox, W. C. 1950, I 


circulating serum of 


Goldsworthy, N. E 


1930, The rate of disappearance 


and Ten 


rabbits and mice. Federation 


as antigen label in 
non-immune rabbits. 


Federation Proc. 9: 336 


osition in the reticulo-endothelial sys- 
tem, possibly excretion, etc., whereas 
when rabbit antiserum was adminis- 
tered intravenously the antibody globu- 
lin so introduced acted as a homologous 
serum protein within the blood stream. 
The delayed time of appearance of het- 
erologous y globulin in the fetal blood 
stream and its slow rate of transmission 
suggest that mechanisms other 
simple diffusion are involved. 
There is no reason to believe that this 
difference is due to the relative strengths 
of the antiserums employed. The same 


than 


lot of pooled antiserum was used for the 


precipitin tests administered 
intravenously in the second series of 


animals. This antiserum was found ca- 


as was 


pable of detecting specific antigen in 
concentrations of one part per million 
and could therefore detect even a mi- 
nute serum content. It is entirely pos- 
sible that the heterologous y globulins 
were picked up in the fetal reticulo- 
endothelial system, thereby removing 
it from the blood stream as it entered 
into the circulation. However, just as 
in the adult this should have reached its 
maximum in 1 to 2 hours and not re- 
quire 5 days for equalization of concen- 
tration on both sides of the placenta. 
There was no difference noted in the 
manner of placental transmission of 
homologous antibodies against bovine 
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and human serum y globulin. This may 
be expected since rabbit antibodies have 
been found to have physicochemical 
and immunological identity.!7 

\part from the obvious difference 
based on their role as either a foreign 
protein or homologous serum protein, 
there are no apparent reasons to ac- 
count for the difference in placental per- 
meability of the two substances, so that 
antibody globulin is transmitted rapidly 
and equalizes itself on both sides of the 
placenta, whereas heterologous serum 
y globulins are delayed in their passage 
and equilibrium is not reached until the 
5th day. Antibodies are considered to be 
modified y globulins and the 


physicochemical properties of antibody 


serum 


globulin are very similar or even iden- 
tical with those of normal serum globu- 
lins. Presumptive evidence of this is 
gained by physical and chemical studies 
of the normal serum y globulin fraction 
and purified antibody. These show ap- 


parent similarities based upon (1) 


elec trophoretic mobilities,*~!!:!6!7 (2) ul- 
tracentrifuge studies, sedimentation and 


diffusion measurements,'!:!*-!8 (3) mo- 


lecular weights,'’ (4) isoelectric points” 


6 


and solubility studies," (5) chemical 


analyses, ! and (6) immunologic re- 


lationships depending upon their anti- 


genic specificity."*? Immune globulins 


ag- 
glutinins and protective bodies against 


and certain antitoxins, bacterial 


some viruses were found to be concen- 


trated within the serum y globulin frac- 


tion on separation and immunologic 


assay 


On the assumption that antibody 


globulin is identical with normal serum 
globulin, perhaps this difference of be- 
havior in passing the placental barrier 
in the rabbit might be explained on the 


5. Treffers, H. P. and Heidelberger, M. J. 1941 


Quantitative experiments with antibodies to 
ipitate ] Med. 73: 
125-140. 293-297 


1 specific prec Exper 


SHELDON ( 


x, CONEN 


basis of species specificity and differences 
rabbit, human 
serum y globulin. This is indeed a pes- 
sibility; however, Nichol and Deutsch'* 
have found that yz globulins of various 
animal species (including human and 


between bovine, and 


rabbit) are quite similar as regards 
their electrophoretic and sedimentation 
behavior, and from the point of view of 
physical properties several 2 globulins 
appear to be quite similar to those 
found in human plasma. Their respec- 
tive molecular weights are likewise in 
the same range, rabbit y globulin having 
a molecular weight of 160,000;'8 bo- 
vine, 171,000;77 and human, 156,000!" 
and 171,000.'"* The nature of any dif- 
ference existing between antibodies to 
a given antigen produced in different 
species has not been correlated with 
physicochemical or immunological prop- 
erties."” 

Despite this, antibodies must differ 
from other serum globulins in some 
manner, for they are quite specific im- 
munologically. Boyd" feels that anti- 
bodies must contain spatial differences 
since they can distinguish minute chem- 
ical or Spatial differences, a character- 
istic not possessed by the other globu- 
lins, and that this specificity must reside 
in some chemical differences in at least 
part of the molecule. 

Although no explanation can be given 
for the difference in fate of homologous 
antibody and 
serum y globulins when bot 
the 
certain possibilities are suggested. (1 


globulin he‘erologous 
present 
themselves at placental barrier, 
Though serum y globulins of different 
animal species are quite similar in their 
characteristics, 


physicochemical espe- 


cially as regards their electrophoretic 


26. Hess, E. L. and Deutsch, H. F. 1948, Bio- 
physical studies of blood plasma proteins 
VILL. Separation and properties of the gamma 
globulins of the sera of normal cows. !. Am 


Chem. Soc. 70: 84-88 
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and sedimentation behavior, yet some 
minute differences may exist among the 
serum globulins of different species in 
their shape or spatial arrangement 
which may be responsible for determin- 
ing their placental transmission, (2) 
Antibodies are physiochemically similar 
to normal serum y globulins, yet not 
identical. Perhaps in the process of 
synthesis of antibody, one of the modi- 
fications that the globulin undergoes 
may result in a difference in its ability 
to pass through the placenta. 

An analogous situation may not exist 
in the placental transmission of anti- 
body in the actively immunized animal. 
Gamma globulin and antibodies have 
been found within lymphocytes???’ sug- 
gesting that lymphocytes might be 


antibody carriers. However, preliminary 


data obtained in this laboratory work- 
ing with P*®-tagged lymphoid cells seems 
to suggest that peripheral white blood 
cells and cells of lymphoid tissue do not 
penetrate the placental barrier.*° 

It has been suggested that the globu- 
lin molecule, like other proteins, does 
not pass through the, placenta intact 
but is probably synthesized from its 
constituent amino acids by the fetal 
tissues.” An analogous situation regard- 
ing antibody globulin hardly seems 
likely, for the specificity of antibody 
action probably depends on their shape, 
structure, spatial arrangement at their 
surface, and is possibly due to the 
specific sequence of amino acids in the 
peptide chain and/or a specific folding 
or branching of this chain." It is difficult 


to imagine that the fetal tissues possess 


27. Dougherty, T. F., Chase, J. H.and White, A 
1945, Demonstration of antibodies in lym 
phocytes. Proc. Soc. Exper. Biol. & Med 
57: 295-298 
Kass, E. A. 1945, The occurrence of normal 
serum gamma globulin in human lympho- 
cytes. Science, 101: 337-238. 

Cohen, S. G. and Karlson, E, L. Unpublished 


data 


the capacity to reassemble these con- 
stituent amino acids in exact duplica- 
tion of their original arrangement once 
the antibody has been broken down on 
the maternal side of the placenta and 
the amino acids diffused through into 
the fetal circulation. 

KKutner and Ratner*® have explained 
differences in placental permeability of 
antibody on the basis of placental struc- 
ture. In their experience the human and 
rabbit along with guinea pig and mouse 
have a placental partition of only one 
layer, thus permitting the placental 
transmission of antibody. This is in 
contrast to the multiplicity of cell layers 
separating the maternal and fetal circu- 
lations in the cow, sheep, horse, and 
goat, where the placenta has been 
found to be impermeable to antibody. 
Despite Kutner and Ratner’s findings 
of human and rabbit placental similar- 
ity, it should be noted that there may 
be important structural differences in 
the placentas of these two species. How- 
ever, the findings in this study are pro- 
vocative in that if on the assumption 
that heterologous serum vy globulins 
are rapidly reduced in the blood stream 
by the processes of deposition in the 
reticulo-endothelial system, combining 
with the antigens, excretion, etc., and 
if these globulins are transmitted slowly 
through the placenta resulting in a low 
fetal serum titer, then the question 
arises as to how much immunity is con- 
ferred upon the fetus when the pregnant 
female is passively immunized with 


heterologous species antiserum. 


SUMMARY 


1. A series of 32 pregnant female rab- 
bits were given human and _ bovine 
serum ¥y globulin and a similar series of 
10 rabbits received homologous anti- 
30. Kutner, A. and Ratner, B. 1923, The im- 


portance of colostrum to the newborn infant 


Am. J. Dis. Child. 25: 413—434. f 
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serum intravenously. After varying 
time intervals precipitin studies were 
made on the serum of the mother and 
fetuses removed by Cesarean section. 

2. Comparative serum titers deter- 
mined by precipitin tests indicate a 
difference in the placental transmission 
of heterologous serum y globulin and 
homologous antibodies in the rabbit. 
The transmission of human and bovine 
y globulin was delayed and these did 
not appear in the fetal circulation until 
after 10 hours, and the titer in maternal 
and fetal serum were not equal until 5 
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days following administration. Homol- 


ogous antiserum, on the other hand, 
passed through the placenta rapidly, 
the fetal 
hour, and was found in equal titer in 


the circulation on both the 


was found in serum in one 


sides of 


placenta at 4 hours. 

3. An explanation for the difference 
in behavior of heterologous serum 
globulin and antibody globulin at the 
placental barrier is not apparent. Spec- 


ulation as to the possible reason for this 
and its implications are discussed. 
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[he occasional appearance of tiny 


variant bacterial colonies on nutrient 
agar plates has often been observed. The 
cells composing these colonies were first 
recognized as having arisen from large- 
colony-forming cells by Jacobsen! and 
by Fromme,? and the term ‘‘dwarf"’ was 
applied to the small colonies. Hadley® 
in 1931 the 


dwarf colonies by postulating that the 


aroused much interest in 
organisms from them are a stage in the 
developmental cycle of vegetative cells. 
He used the adjective ‘‘gonidial”’ in re- 
ferring to the organisms and the letter 
ge gg 


duced by 


to indicate the small colonies pro- 


such cells. Present investi- 


gators (cf. Braun‘) believe that small- 
colony-forming cells are discontinuous 
variants that are constantly arising in 
bacterial populations. 

The variant cells grow quite slowly, 
and it is possible that they are unable 
to efficiently synthesize essential growth 
factors that are absent or present only 
in trace amounts in nutrient agar. Ac- 
cordingly, an acceleration of the growth 
rate resulting in the formation of larger 
colonies might occur if certain nutrilites 
in sufficient quantity were to be added 
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to the medium. The experiments de- 


scribed in this paper were performed to 


determine to what extent such added 
nutritive factors can influence the cells 
of small colony variant strains of bac- 
teria to produce large colonies. 


MATERIALS AND METHODS 


Dwarf strains Eight stable dwarf-colony- 
forming strains were isolated from large-colony 
forming strains of 4 bacterial species: Alcaligenes 
faecalis, Micrococcus pyogenes, Sarcina lutea, and 
Shigella sonnei. 
sisted of inoculating nutrient agar plates con- 
taining 1% lithium chloride with cells of large- 


The method of isolation con- 


colony-forming strains that had been aged for 
6 weeks in nutrient broth containing 5% pep- 
tone. After incubation of the plate cultures for 
2 days at 37 C, cells of colonies that had a diam- 
eter less than 0.15 mm were subcultured on plain 
nutrient agar. Subculture of cells of 8 such colo- 
nies dwarf 
colonies on plain nutrient agar. Repeated sub- 
culturing on this medium during a 12-month 
period resulted in no change in the size, texture, 


resulted in the formation of new 


or number of hours required for the production of 
dwarf colonies by the majority of cells of these 8 
strains. Occasionally, in the process of keeping 
the dwarf cultures in stock in the laboratory, a 
few cells of each strain reacquired the ability to 
form large colonies on plain nutrient agar. 

A 9th dwarf strain was not isolated from a 
large-colony-forming strain of bacteria but rather 
appeared as a slow-growing contaminant on a 
sheep blood agar plate that had been stored for 
several weeks in the refrigerator.* Cells of this 
strain possessed morphologic and biochemical 
characteristics, as well as the ability to grow ina 
wide temperature range, similar to 4 large-colony- 
forming animal pathogenic species of the genus 
Corynebacterium. No cells of this strain appeafed 
that could produce large colonies on plain nu- 
trient agar. 

Attempts to stimulate large colony formation.— 
In attempts to stimulate cells of the 9 dwarf 


* The author wishes to thank Major Morris D. 
Schneider, A-U.S., for supplyi 


pplying this strain 
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strains to form large colonies, the nutrilites listed 


in table 1 were added singly and in various combi 


nations aseptically to samples of nutrient agar 
that were then poured into a petri dishes. After 
the plates were incubated for sterility, a small 
loopful of a saline suspension of cells of a particu 
lar dwarf strain was streaked on each agar sur 
face. Control plates of plain nutrient agar were 
included in each experiment. Very dilute suspen- 
sions of organisms were used in order to obtain 
Che streaked 


were maintained at 37 C for at least 9 days 


discrete, well-isolated colonies. 


plate 


with daily measurement of colonial diameter 


PaABLe 1 Substance 


added aseptically to 


enrich sample nutrient agar 


x 
1 
1 
s 


000015 to 
5.0 t 


) 


x10 
0.5 
100 
0.00003 to 330 
R3 » 3300 
0.0015 to 0 
3.75 to 5000 


EXPBRIMENTAL RESULTS 

When cells of 4 of the 9 dwarf strains 
were subcultured on certain types of en- 
riched nutrient agar (see table 2), large 
colonies were the 


produced on first 


transfer. Cells of 2 other strains formed 
large colonies on veal infusion agar but 
small colonies on every other type ol 
Cells of 


the remaining 3 dwarf strains produced 


enriched nutrient agar tested 


large colonies on plain nutrient agar 


after 5 or 6 days of incubation; no type 


of enriched or complex medium 


could 


was 


found that accelerate their 


growth 


Of particular interest was the growth 


of cells of dwarf variant strain 


II of Alc. faecalis to 


response 


nutrient agar en- 
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FABLE 2.— Mediums on which cells of the 


9 dwarf strains formed large colont 


Dwarf strain Type of medium 
Alc. faecalis dwart variant 
strain 
strain II 


NA*® envsiched with 
NA enriched with reticulogen or 
with thiamin plus vitamin B 

7 


Plain NA (5 to 6 days-at 


reticuloger 


strain III 
Corynebacterium sp. dwart 
strain 
Sar. lutea dwarf variant 
strain 


NA enriched with thiamin 

Veal infusion agar (10° { colo- 
nies large; 90°) smail 

M. pyogenes dwarf variant 
strain li 
strain Il la 
strain III € 

Shig. sonnei dwarf variant 
strain 


Nain NA (5 to 6 days at 37 ( 
n NA (5S to 6 days at 37 ¢ 


i 
al infusion agar 


NA enriched with 
lightly larger 


yeast flakes 


colonies 


* Nutrient agar 


Bis; 


this response is illustrated in figures 1 


riched with thiamin and vitamin 
and 2. All of the well-isolated colonies 
on each plate had approximately the 
To the 


brown colonies after 8 days of incuba- 


same diameter. obtain large 
tion, the amount of added thiamin could 
be as low as 16.5 mug per ml nutrient 
agar, or as high as 20,000 times that 
amount. When the quantity of added 
thiamin was lower than 16.5 mug, pro- 
portionately smaller final colonies were 
produced; if no thiamin was added but 
only an optimal amount of vitamin By 
(50 to 150 myg per ml nutrient agar), 
only white dwarf colonies were pro- 
duced. 

If, on the other hand, an optimal 
amount of thiamin was added to nutri- 
ent agar but vitamin By, omitted en- 
tirely, brown medium-sized colonies 
were formed after 8 days of incubation. 
hese colonies did not increase in size if 
additional thiamin was pipetted on the 
surface of the agar or if incubation was 
continued as long as 21 days. If at any 
time during the 21 days, however, an 
Bis 


pipetted on the agar surface, after a few 


optimal amount of vitamin was 


additional days of incubation the colo- 
nies increased in size to the dimensions 
of the large brown colonies previously 
described. 
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The thiazole and pyrimidine com- Subsequent subculture on this medium, 
ponents of thiamin when added sepa- accompanied by dilution and wearing 
rately or in combination to nutrient out of the thiamin and By molecules 
agar were entirely inactive in stimulat- that had been adsorbed on or contained 


16.5yg Thiamin plus 
0.075 yg Vitamin Bin 7 
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added per ml of -~ 
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A. FAECALIS DWARF VARIANT STRAIN IL 


Fic, 1 Phe effect of filtered thiamin hydrochloride and autoclaved vitamin By,z added to nutrient 


agar on the size and pigment of well-isolated colonies 


ing large-colony-formation by cells of | in the cells, resulted in the production 
this dwarf strain. All substances listed of only tiny white colonies. 

in table 1 that do not contain thiamin The growth response of cells of the 
(except vitamin By) were also inactive. Corynebacterium sp. dwarf strain to 
Co-carboxvlase was only as active as an nutrient agar enriched with thiamin is 
equimolar concentration of thiamin. — illustrated in figures 3, 4, and 5. All of 
Subculture of cells of the large or the well-isolated colonies on each plate 
medium-sized brown colonies back to had approximately the same diameter. 
plain nutrient agar resulted in the de- lo obtain the large yellow colonies after 


velopment of small brown colonies. 6 days of incubation, the amount of 
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Sma 8 (a 


Cc. faecahlh 


Fic. 2 


Strain II; 


Colonies of dwarf variant 


8 days at 37 C. Space between each 2 
adjacent lines of ruler =1 mm 
\—plain nutrient agar, B 


16.5 we added 


nutrient agar con- 


taining thiamin per ml, C—nu- 


trient agar containing 16.5 wg added thiamin plus 


0.075 wg added vitamin By per ml. 


added 
mug per ml nutrient agar or as high as 
100,000 times that amount. When 
added thiamin 


than 3.3 mug, proportionately smallet 


thiamin could be as low as 3.3 
the 


quantity o was lower 


final colonies were produced 
The 


ponents ol 


thiazole and pyrimidine com- 


added 


combination to 


thiamin when sepa- 


rately or in nutrient 


agar were entirely inactive in stimu- 


lating large-colony-formation by cells of 
this dwart 
in table 1 


strain. All substances listed 


that do not contain thiamin 


Fic. 5.—Colonies of Corynebacterium sp. 
dwarf strain; 6 days at 37 C. Space between each 
2 adjacent lines of ruler=1 mm. 

\—plain nutrient agar, B 


taining 0.0006 we added 


nutrient agar con 
thiamin per ml, C 
nutrient agar containing 1.65 we added thiamin 
per ml 

vitamin By also in- 


(including were 


active. Co-carboxylase was only as 
active as an equimolar concentration of 
thiamin. Subculture of cells of the large 
vellow colonies back to plain nutrient 
agar resulted in the development of 
small yellow colonies, and subsequent 
subcultures on this medium vielded only 
the tiny white colonies. 

When suboptimal amounts of thia- 
min were added to nutrient agar, a 
linear relationship between amount of 
thiamin and final colony diameter of 
the Corynebacterium sp. dwarf strain 
was found to exist between 0.2 and 1.8 
mug of the added vitamin (fig. 4). Ac- 
amount of 


cordingly, an unknown 
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thiamin in a solution could be accurately 
determined, provided that the solution 
was sufficiently diluted and the plates to 
which the solution was added were run 
simultaneously with control plates con- 
taining known amounts of added thi- 
amin. 
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subcultured on plain nutrient agar, 


after the first subculture only the tiny 
colonies characteristic of each strain 
appeared. 

described in 


the conditions 


cells of 5 of the 9 dwarf strains 


Under 
table Y # 


produced large colonies identical in 


40.0165 ng 
/ Thiamin added 
, ber m! nutr. agar 


Nutrient 
Control 





~ 
2 
Days 


6 - 
37°C 


CORYNEBACTERIUM DWARF STRAIN 


Fic. 3 
of well-isolated colonies 

No significant differences in cellular 
morphology were noted between cells of 
the tiny colonies of each of the 9 dwarf 
strains and their respective artificially 
stimulated large colonies. When cells of 


the large reverted colonies were again 


lhe effect of filtered thiamin hydrochlori 


le added to nutrient agar on the size and pigment 


morphology and pigment to those 


formed by their respective original 
parent large-colony-forming cells. Also, 
the cells of the large reverted and large 
original colonies of these 5 strains had 


identical morphologic and biochemical 
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characteristics. The reverted colonies of 
three additional dwarf strains (Alc. 
faecalis variant strains I and II and 
M. pyogenes variant strain I) differed 
of the original 
strains in that the reverted colonies were 


from white colonies 
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compared with, a known specific large- 
colony-forming strain of bacteria. 


DISCUSSION 


The use of nutrient agar as the basal 
medium in this study was adopted for 
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Fic. 4 


of well-isolated colonies after 6 days at 37 C 


pigmented. Cells of the large reverted 
of 


three strains were otherwise similar in 


and large original colonies these 


morphologic and biochemical charac- 
teristics. The 9th dwarf strain (Cory 
not 


be 


nebacterium sp. dwarf strain) was 


derived from, and hence could not 


The effect of filtered thiamin hydrochloride added to nutrient agar on the size and pigment 


First, it desired to 


work with small-colony-forming strains 


two reasons. was 


similar to those studied by earlier in- 
vestigators. Many of the strains re- 
ported in earlier work were recognized 
characterized because thev 


and pro- 


duced tiny colonies on nutrient agar 
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Secondly, if cells of small-colony- 
forming strains lack the ability to ef- 
ficiently synthesize a substance needed 
for rapid growth, it would have been 
comparatively more difficult to isolate 
such strains on mediums more complex 
than nutrient agar. Such mediums 
might already contain the essential sub- 
stance(s) preformed, and cells of the 
dwarf strains would always produce 
large colonies under these conditions. 

Conversely, it might be expected 
that biochemically deficient small- 
colony-forming strains could be readily 
obtained on mediums simpler in com- 
position than plain nutrient agar. Ryan 
and Schneider’ and Davis® have dem- 
onstrated that this is true. The former 


authors, for example, upon subculturing 


irradiated cells of Escherichia coli on a 
minimal agar medium that supported 
large-colony-formation by the original 
wild type cells, obtained certain micro- 
colonies whose cells would form large 
colonies when supplied with optimal 
amounts of histidine. The minimal 
medium was shown to contain trac 
amounts of histidine that permitted 
formation of only tiny colonies by the 
“‘histidine-less’”’ variant cells. Similarly, 
of the 8 dwarf variant strains observed 
in the present study, 5 are apparently 
biochemically deficient variants, that is, 
they readily produce large colonies when 
provided with preformed essential nu- 
trilites (table 2) that are not required 
for large-colony-formation by their ori- 
ginal parent cells. 

Eight of the 9 dwarf strains observed 
in the present study produced, under 
conditions listed in table 2, large colonies 
that were pigmented. The original large- 
colony-forming strains from which 3 of 
the dwarf strains were obtained, how- 


5. Ryan, F. J 
netics, 34: 
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167 


and Schneider, L. K. 
72-91 


1949, 
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ever, produced only large white colonies 
on plain or enriched nutrient agar. A 
somewhat analogous observation has 
been made on an adenine-requiring 
mutant of Neurospora crassa. When 
supplied preformed adenine the mutant 
strain produces a purple pigment. The 
pigment is believed to be ‘‘an abnormal 
metabolic product from a labile adenine 
precursor that accumulates as a result 
of the genetic block in adenine synthe- 
sis’’.? 

Because the amount of added thiamin 
necessary for the formation of colonies 
of a definite size of the Corynebacterium 
sp. dwarf strain remained constant for 
many months and on every preparation 
of nutrient agar (Difco) tested, a micro- 
biological method of thiamin assay sug- 
gested itself, Advantages in using 
colonial size of this strain to assay thi- 
amin include: (a) the simplicity of the 
experimental procedure and the need 
for no expensive equipment or materials, 
and (b) the extremely specific growth 
response of the organisms to a small 
amount of added thiamin and their 
formation of only tiny white colonies on 
all types of enriched nutrient agar not 
containing added thiamin. 

The principal disadvantage in using 
organisms of this strain for thiamin as- 
say is their slow rate of growth. To 
eliminate this disadvantage, stock pour 
plates of plain nutrient agar containing 
the tiny white colonies can be prepared 
stored at 4 C 
needed for an actual assay 


in advance and until 
determina- 
tion. By the use of assay disc techniques 
(Pontecorvo*®) end points can then be 
obtained within the subsequent incuba- 
tion period of 24 to 48 hours 

A dwarf strain is also 


such as this 


useful in enabling students in introduc- 


Mitchell, H. K. and Houlahan, M. B. 
Federation Proc, 5: 370-375 
Pontecorvo, G. 1949, J. Ge n Mi robiology, as 


122-126. 
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tory courses in bacteriology to demon- 
strate for themselves the fact that bac- 
teria may need vitamins for adequate 
growth. The tools and techniques re- 
quired for a simple experiment of this 
such 


nature are readily available in 


introductory courses. 


SUMMARY 


Nine strains of bacteria that formed 
tiny colonies on plain nutrient agar were 
subcultured on nutrient agar enriched 
with various growth factors. The factors 
that were effective in stimulating cells of 
these dwarf strains to produce large 
colonies were: thiamin (Corynebacterium 
sp. dwarf strain), thiamin plus vitamin 
By (Alcaligenes faecalis dwarf variant 
II), reticulogen (Alc. 


strain faecalis 
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dwarf variant strain I), and yeast ex- 
tract (Shigella dwarf 
strain). Veal infusion agar was effective 


sonnet variant 


in stimulating large-colony-formation 


by cells of two other dwarf strains. Cells 


of the remaining three dwarf strains 


slowly produced large colonies equally 


well on plain or enriched nutrient agar 
or on veal infusion agar. 

Cells of the reverted large colonies of 
all of the dwarf strains formed only tiny 
colonies when again subcultured on 
plain nutrient agar. Eight of the 9 dwarf 
strains were definite variant strains de- 
rived from 


large-colony-forming bac- 


terial populations. Cells of 5 of these 
strains, whose growth was stimulated on 
enriched mediums, are considered to be 


biochemically deficient variants. 
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